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EXECUTIVE
SUMMARY

The State of the
Transportation System

Transportation is a pervasive compo-
nent of daily life and a significant share of
the national economy. Travel consumes
roughly an hour of an average person’s
day, and roughly one-sixth of household
expenditures. American households, busi-
nesses, and governments spend over $1
trillion to travel 3.8 trillion miles and to
ship goods 3.5 trillion ton miles each year.
When adjusted to formal definitions of the
National Income Product Accounts, trans-
portation accounts for 12 percent of Gross
Domestic Product.

Passenger travel and freight movements
continue to increase. Passenger-miles per
person and the ratio of passenger-miles to

he Transportation Statistics Annual
Report is a summary of the state of
the transportation system and its

consequences, the quality of statistics used to characterize
the transportation system, and planned efforts by the U.S.
Department of Transportation’s Bureau of Transportation
Statistics (BTS) to improve the quality of the statistics. BTS
was established by Congress to compile, analyze, and make
accessible information on the nation’s transportation sys-
tem; to collect information on intermodal transportation
and other related areas as needed; and to enhance the
quality and effectiveness of the Department of Trans-
portation’s statistical programs through research, the devel-
opment of guidelines, and the promotion of improvements
in data acquisition and use.

Gross Domestic Product have both grown
steadily over the past three decades. Ton-
miles per person have also increased,
although the ratio of ton-miles to Gross
Domestic Product has declined.

The transportation system includes
190.4 million automobiles, vans, and
trucks operating on 3.9 million miles of
streets and highways; 103,000 transit vehi-
cles operating on those streets, as well as
more than 7,000 miles of subways, street-
car lines, and commuter railroads;
275,000 airplanes operating in and out of
17,500 airports and landing fields; 18,000
locomotives and 1.2 million cars operating
over 113,000 miles of railroads; 20 million
recreational boats, 31,000 barges, and over
8,000 U.S. ships, tugs, and other commer-
cial vessels operating on 26,000 miles of
waterways, the Great Lakes, and the
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oceans; and 1.5 million miles of intercity
pipelines. The numbers and use of vehi-
cles, vessels, and aircraft generally contin-
ue to grow, while the infrastructure over
which they operate has not expanded sig-
nificantly in extent or capacity. Both the
infrastructure and the fleets operating
over the infrastructure are aging, and plac-
ing greater demands on maintenance and
reconstruction.

The performance of the transporta-
tion system from the user’s perspective is
not improving on the passenger side as it
did in past decades. Large gains in speeds
have ended as the Interstate System has
reached completion and become increas-
ingly congested, and as airlines shift from
nonstop flights to hub-and-spoke opera-
tions. In contrast the freight system
shows major gains through innovations
in intermodal service, through the growth
in parcel express delivery, and in the shift
of businesses to just-in-time delivery sys-
tems. Both passenger travel and freight
movements were disrupted temporarily
by the 1993 Midwest floods, which closed
over 1,600 miles of navigable waterways,
3,764 miles of mainline railroads, over
380 miles of major highways, and 34 air-
ports.

Spending on the transportation system
by households, businesses, and govern-
ments has increased eight-fold in current
dollars over the past three decades. Some
of the increase is due to the replacement
of inventories by just-in-time transporta-
tion. Some of the increase in transporta-
tion spending is due to a shift to higher
quality service, as illustrated by the enor-
mous growth in both household and busi-
ness use of overnight delivery services.
Government spending has not increased at
the same rate as household and business
spending; in constant dollars, state and
local government spending on transporta-
tion facilities and services has increased
modestly in the past decade while federal
spending has been flat.

The price we pay for transportation is
not limited to direct monetary costs.
Transportation accounts for half of all
accidental deaths in the U.S. Although the
number of fatalities and the fatal accident
rate have shown significant improvement
in the past decade, transportation acci-
dents took more than 42,000 lives in 1992
alone. Other costs include energy con-

sumption and environmental quality.
Improvements in fuel economy over the
past decade are leveling off or declining
for most forms of transportation, and
show little potential for significant
improvement in the near future. As a
result, we can expect petroleum use by
transportation to increase in step with
passenger travel and goods movement.
Impacts on air quality, global warming,
and other environmental issues are much
harder to monitor, but show past improve-
ment and potential for further gains.

The State of Transportation
Statistics

While many conditions and trends
have been characterized, a better under-
standing of the performance of the trans-
portation system and the potential for its
improvement requires both better cover-
age and increased quality of existing data,
and the design and implementation of bet-
ter measures to transform existing and
new data into useful information.

New or significantly expanded data
collection is needed on: location, condi-
tion, and physical performance of trans-
portation services and facilities provided
by the private sector, and intermodal con-
nections provided by both public and pri-
vate sectors; quantity, geographic
distribution, and cost of commodity and
passenger movements; expenditures and
revenues of passenger transportation com-
panies and selected providers of freight
transportation services; inventory and use
of transportation resources controlled by
establishments that are not primarily in
the business of for-hire transportation;
and fuel consumption and fuel economy
based on real-world experience rather
than laboratory conditions.

More reliable, comparable, or de-
tailed information is needed on: location,
condition, and physical performance of
transportation services and facilities pro-
vided by the public sector; balance of
trade related to transportation services
and international travel; characteristics
and travel behavior of foreign visitors in
the U.S. and of U.S. travelers abroad;
business travel; motor vehicle miles of
travel by vehicle type; safety (particularly



with respect to definitions of terms); and
environmental conditions affected by
transportation.

Better measures or analytical methods
to transform data into useful information
are needed on subjects such as: conges-
tion; productivity of the transportation
sector; the contribution of transportation
activity and infrastructure investments to
economic growth, employment, and com-
petitiveness; relationships be-tween envi-
ronmental quality and the use of vehicles,
vessels, and aircraft; and the transporta-
tion needs of disadvantaged groups.

BTS is directing its near-term energies
toward three areas to improve the effec-
tiveness of transportation statistics and to

EXecuuve suininary

serve as a foundation for future editions of
the Transportation Statistics Annual
Report. The first area is to complete the
Commodity Flow Survey now underway
and to initiate a similar survey of passen-
ger travel to determine how many people
and how much cargo move between
regions of the country, and by what
means. The second area is to obtain geo-
graphic and other information on trans-
portation facilities and intermodal
connections. The third area of BTS activi-
ty is reconsideration of basic measures of
transportation, such as congestion and
productivity, to make sure that transporta-
tion statistics relate to concepts that are
useful to decisionmakers and the public.
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PREFACE

In this inaugural edition of the Trans-
portation Statistics Annual Report, BTS
provides information on the many eclectic
topics identified by Congress in Section
6006 of the Intermodal Surface Trans-
portation Efficiency Act (ISTEA) of 1991,
and suggests future directions for research
and data development. BTS endeavors to
provide a comprehensive assessment of
the nation’s transportation system, contin-
uing a tradition that started with the
Gallatin Report of 1808. This tradition of
comprehensive assessments across all
forms of transportation has been practiced
only sporadically by the federal govern-
ment since DOT'’s creation in 1966.

Discussions of transportation in
publications such as the Transportation
Statistics Annual Report are organized
around concepts such as industries, modes,
markets, and corridors. These terms are
typically used without precise meanings,
often leading to misunderstandings and

he Transportation Statistics Annual
Report is the keystone publication
of the Bureau of Transportation

Statistics (BTS). BTS is the newest operating administration
of the U.S. Department of Transportation (DOT), and is
responsible for compiling, analyzing, and making accessible
information on the nation’s transportation systems; collect-
ing information on intermodal transportation and other
areas as needed; and enhancing the quality and effective-
ness of the statistical programs of DOT through research,
the development of guidelines, and the promotion of
improvements in data acquisition and use.

wrong conclusions. Popular concepts and
the definitions of professional analysts
often diverge; even definitions among vari-
ous academic disciplines can vary.

For purposes of this report, the trans-
portation industry is recognized to be
those establishments or parts of establish-
ments that build transportation facilities
and equipment; operate transportation
facilities; provide for-hire transportation
services for individuals, households, busi-
nesses, or government agencies; provide
in-house transportation for a business or
government agency; arrange transporta-
tion services for individuals, households,
businesses, or government agencies; pro-
vide supporting services necessary to the
provision of transportation services; or
administer transportation programs. This
definition includes a diverse cross section
of the economy, such as automobile man-
ufacturers, railroads, travel agents, school
district bus operators, port authorities, gas
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stations, and the trucking fleets of major
grocery chains. As discussed in several
chapters of this report, more restrictive
definitions are required for some account-
ing systems. The broad definition is use-
ful, however, in understanding the
pervasiveness of transportation to the
nation’s economy and way of life.

Transportation planners, analysts, and
decisionmakers refer to the means of
transportation as modes. The transporta-
tion community’s historic emphasis on
individual modes is being supplanted by
an emphasis on intermodalism, typically
used in three contexts. Most narrowly, it
refers to containerization, piggyback ser-
vice, and other technologies that provide
the seamless movement of goods and peo-
ple by more than one mode of transport.

More broadly, intermodalism refers to
the provision of connections between dif-
ferent modes, such as adequate highways
to ports or bus feeder services to rail tran-
sit. In its broadest interpretation, inter-
modalism refers to a holistic view of
transportation in which individual modes
work together or within their own niches to
provide the user with the best choices of
service, and in which the consequences on
all modes of policies for a single mode are
considered. This view has been called bal-
anced, integrated, or comprehensive trans-
portation in the past.

Congress and others frequently use the
term intermodalism in its broadest inter-
pretation as a synonym for multimodal
transportation. Most precisely, multi-
modal transportation covers all modes
without necessarily including a holistic or
integrated approach.

BTS accepts the broad interpretation
of intermodalism in its philosophy, but
prefers the middle ground in its use of the
term. The Bureau collects and reports
information on multimodal transportation
systems, including both individual modes
and intermodal combinations.

While BTS embraces an intermodal
philosophy, the Bureau does not adhere to
the current convention of categorizing the
transportation system into markets. The

markets most typically identified—intercity
passenger, intercity freight, international,
urban, and rural—have more variation
within each category than between cate-
gories. For example, international trans-
portation between New York and Montreal
has more in common with intercity trans-
portation between New York and Chicago
than with intercontinental transportation.
Urban transportation is very different
between the largest metropolitan areas and
small cities. A more effective classification
would require a substantially larger num-
ber of categories to reflect common sets of
supply and demand attributes.

Corridors are a more meaningful con-
cept than the five markets. Corridors
come in all sizes, from the North Atlantic
corridor between North America and
Europe to the Northeast Corridor between
Boston and Washington, D.C. to the
Route 50 corridor in the Washington sub-
urbs. Corridors are the key units for cap-
turing the geographic and temporal
variations that are central to understand-
ing transportation problems. Unfortu-
nately, very little transportation data exist
even for multistate corridors. Until the
multimodal commodity and passenger
flow studies now underway are complet-
ed, this report must be limited to national
and statewide aggregates.

The range and integration of topics in
this first edition of the Transportation
Statistics Annual Report is a significant
accomplishment for an agency that is just
one year old; however, the report’s authors
recognize that this document is a begin-
ning rather than a conclusion. Many topics
requiring further analysis and data acquisi-
tion are highlighted throughout the vol-
ume. A number of improvements, such as
the full integration of metric measures into
the report and the development of innova-
tive thematic maps, are planned for subse-
quent editions. BTS encourages the reader
to provide comments on this inaugural
effort so that future issues of the
Transportation Statistics Annual Report can
be made more useful to both decision-
makers and the transportation community.



CHAPTER

TRANSPORTATION

and the
NATION

Transportation and Society

America is perhaps the world’s most
mobile society. We have become so
because of the vast expanses of our nation,
because of the need to move raw materials
long distances to processing sites or world
markets, and because of that “something”
in the American people that continuously
suggests movement. Transportation
throughout our history has been the main
tool of knitting together a nation.

To capture the rich interplay between
transportation and the society it serves in
statistical terms is an attractive and daunt-
ing responsibility. One of the great chal-
lenges is to structure measures of
transportation productivity in ways that
effectively transmit the real value of the

ransportation activity consumes vast
quantities of the nation’s wealth and
resources, along with the time of its

citizens. Because it is always defined as a means to an end
rather than as an end in itself, it is difficult to explain what
transportation is and why it must be valued highly. Here, we
provide a sense of transportation’s size and pervasiveness.
We also define transportation’s role in the economy of the
nation and in our daily lives. This overview attempts to answer
the basic question: Why do we care about transportation?

“thing produced” by transportation in some-
thing other than the most rudimentary mea-
sures of tons moved or people carried.

The pleasure of motion is reflected in
many social activities of the nation, e.g.,
recreational bicycling, flying, boating, and
traveling scenic byways. Most statistical
treatments of transportation, including
this one, fail to recognize properly the
social and recreational aspects of trans-
portation. A number of years ago a presi-
dential commission studying Americans’
outdoor activities identified “taking a ride”
as the number one outdoor recreation
activity for Americans.?

About one-sixth of the expenditures of
American households go to transportation
goods and services. Americans make near-
ly a thousand trips per year per person,
covering about 15,000 miles annually.
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Perhaps a more significant statistic, in a
society where time increasingly is becom-
ing a more precious commodity than
money, is the fact that they spend at least
one hour per day in travel. (See table 1-1.)
The average journey to work is 45 minutes
round trip on work days. In addition, an
extraordinary number of people make their
living either using or providing transporta-
tion services. It is interesting to speculate
at any one moment in the day what pro-
portion of the population is in motion—
driving a car, riding in a bus, piloting a
plane or riding in one. Whatever the actual
number, a substantial part of the popula-
tion values very highly the services they
receive from the transportation system.

TABLE I

Weekly Time in Travel by Trip Purpose for
Persons 16 and Older

Trip Purpose

Time Spent (Hours)

To or From Work 1.76
Work-related Business .16
Shopping .85
Other Family or Personal Business 1.30
School/Church .36
Doctor/Dentist .08
Vacation A2
Visiting Friends/Relatives .70
Pleasure Driving .05
Other Social and Recreational 1.04
Other .05
Total Time Per Week 6.47

How People Value
Transportation

It is a measure of the value that
Americans place on mobility that they
spend such a large share of their incomes
on transportation. In fact, only expendi-
tures for housing exceed that for trans-
portation in the typical household budget.
Over time household transportation
expenditures have tended to remain at a

relatively stable level of about one-sixth of
consumer spending, although the long-
term trend indicates a declining share of
income going to transportation. (See fig-
ure 1-1.) “Vehicle Purchases” refers to
spending for new and used vehicles;
“Other Vehicle Expenses” includes insur-
ance, vehicle repairs, and financing costs;
“Gas and Oil” and “Purchased Transpor-
tation” refer to vehicle leasing as well as
all transportation that is not self-operated,
e.g., taxis, urban transit, bus, rail, and air
travel. (Note: Some caution must be exer-
cised in reviewing a single year’s data.)

History has shown that transportation
expenditures—especially vehicle purchas-
es—can be quite volatile from year to year.
The long-term trend in most elements is
for transportation to consume a smaller
share of total household expenditures. Of
significance was the continuing decline in
the share of total spending represented by
gasoline expenditures. The percentage of
household expenditures devoted to gaso-
line and oil in 1991 was almost precisely
half what it was in 1980.

Despite indications that the share of
household income spent on transportation
is on the decline, it is nevertheless true
that society still places high value in
mobility. This view is supported by the
fact that the percentage of spending going
to transport tends to rise with increasing
incomes, only declining in share of spend-
ing for the highest income groups.
This fact suggests that as their discre-
tionary income rises the public chooses to

FIGURE S

Total Consumer Spending Shares by

Major Category: 1991
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FIGURE

Transportation Purchases By Income
Quintiles 1991
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use much of it for transportation purpos-
es. Of course, the amount of spending also
increases, rising from about $1900 per
year for the lowest incomes to almost
$9500 for the highest, approaching twice
the national average figure of $5200,
according to the Consumer Expenditure
Survey of the Bureau of Labor Statistics.

If the nation’s households are divided
into five groups, or quintiles, and the trans-
portation spending of each group is evaluat-
ed, one can learn a great deal about
spending behavior. (See figures 1-2 and 1-

1 1drsporduort dia uie INduor

3.) As expected, vehicle purchases and
repairs increase as incomes do; gas and oil
expenses rise too, but at a much slower
pace. Also, purchased transportation expen-
ditures rise only moderately until spending
for air travel begins to have an effect. An
examination of spending as a percentage of
income terms clearly indicates that shares
of spending rise and then fall with incomes
except for purchased transportation.
Examining consumer transportation
spending in detail reveals that roughly 93
percent of all spending is related to the
acquisition, operation and upkeep of
motor vehicles. The remainder goes to
purchased intercity travel, which accounts
for about 5 percent of transportation
spending; local transit, which amounts to
about 1 percent; and miscellaneous pur-
chases and rentals, which also amount to
about 1 percent. (See figure 1-4.) Changes
in the distribution across income groups
are not substantial, with lower income
groups spending proportionately less on
intercity travel and vehicles purchases,
and proportionately more on gasoline.
When these data are distributed across
national regions, a few surprises emerge.
(See figure 1-5.) As expected, gasoline pur-
chases are higher in the South and the
West due to greater auto availability and
use. The data for vehicle purchases and
expenses are modified by the West's char-
acteristics, which include lower spending
on new cars, more spending on leasing, and
greater costs for insurance, registrations,

FIGURE

Detailed Consumer Spending For
Transportation: 1991
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FIGURE

Transportation Spending By Type of
Spending By Region: 1991
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and fees. The behavior of the “Purchased
Transportation” category is revealing. The
East is higher because of greater transit
spending; while the West is higher because
of greater air travel expenditures.

Transportation and the
National Economy

The relationship between transporta-
tion and the economy can be viewed in a
number of ways. If official economic sta-
tistics are consulted (these statistics apply
the formal industry-based definition of
transportation employed in the national
product accounts) transportation as
explicitly defined is almost a minor facet
of the economy, accounting for less than 4
percent of the Gross National Product
(GNP) (3.67 percent in 1980 and 3.78 per-
cent in 1990). This definition of trans-
portation focuses exclusively on those
industries that provide transport services
for hire, i.e., common carriers of freight
and passengers. It excludes vast compo-
nents of what we normally mean by trans-
portation in America (e.g., automotive

vehicle manufacturing and services),
which would add almost 2 percent to
transportation’s share of the GNP. If a
transportation construct is assembled to
approximate all transportation activities,
either from the production or consump-
tion side, an industry can be defined that
aggregates 12-13 percent of GNP.

Among the future challenges for trans-
portation statistics is the delineation of a
rigorous and viable definition of trans-
portation consistent with the National
Income and Product Accounts.? This may
require special studies to disaggregate ele-
ments of the accounts or the creation of
shadow accounts that re-aggregate existing
data in new ways.

There are other ways to describe trans-
portation’s scale relative to the economy
and they will be traced in subsequent sec-
tions of this report. One way is to identify
the total capital stock of transportation
investments and trace the scale and condi-
tion of that stock. This has been done only
on a piecemeal basis in the past, but it will
become a fundamental element of an
ongoing statistical system. For instance,
the U.S. road vehicle fleet—which consists
of cars, trucks and buses—approaches 200
million vehicles; however, its value is
unknown, and can only be estimated in

GNP Versus GDP

Gross National Product (GNP) is a commonly
used, traditional measure of total output of goods
and services for a country. GNP includes output
attributable to all labor and property supplied by
the country’s residents.

Gross Domestic Product (GDP) has been used
by the Bureau of Economic Analysis since
December, 1991, as the preferred measure of total
output. GDP is the total output produced by labor
and property within the country’s borders, valued
at market prices, and conforms to United Nations
guidelines for monitoring and analysis of national
economies.

GNP equals GDP plus the value of production
by U.S. labor and property abroad, less the value of
production by foreign labor in the U.S. GDP for the
U.S. in 1991 was $5,677.5 billion, while GNP was
$5,694.9 billion. The $17 billion difference is less
than one-third of 1 percent of the $5.7 trillion U.S.
economy.
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the coarsest fashion. At $10,000 per vehi-
cle, the volume reaches $2 trillion.

If total transportation-related transac-
tions or spending are considered as a
measure of economic activity for transpor-
tation, then a total figure is obtained for
1992 that for the first time reached a level
above $1 trillion.® Although this figure is
not consistent with Gross Domestic
Product (GDP) definitions, it can be useful
in tracking total spending related to trans-
portation. When described in a ratio to
GNP it amounts to a value in the range of
17 percent of the GNP. When that ratio is
disaggregated into its modal elements,
highway-related spending accounts for the
lion’s share. (See figure 1-6.) As a rough
rule of thumb, highway-related spending
accounts for about 80 percent of trans-
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portation spending and aviation about 10
percent; everything else sums to the
remaining 10 percent.

Although the dollars spent on trans-
portation are higher than ever, when the
long-term trend in these values is exam-
ined it becomes clear that the transport
share has been declining relative to GNP
since at least 1980. (See figure 1-7.) For
most of the 1960s and the 1970s, the
transportation spending/GNP ratio was
higher than 20 percent.

An examination of the nature of the
decline indicates that both passenger and
freight spending—most notably freight
spending—have declined relative to total
GNP. (See figure 1-8.) This relative decline
in freight share might possibly be attrib-
uted to the shift of the economy toward
services, the increased reliance on imports
for manufactured goods, the relative
downsizing of products in the economy,
and improvements in freight transport
productivity after deregulation. Less com-
plex explanations are also possible.

FIGURE

National Transportation Spending Trend:
1980-1992
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For example, because petroleum move-
ments represent such a large share of
freight transport, improvements in overall
fuel efficiency or shifts in petroleum
sources could substantially shift total pat-
terns. Further analysis of the data would
help shed some light on this question.
Examination of freight transportation
trends provides further information: It
appears that ton-miles per capita have
shown some growth since the sharp decline
in the 1982 recession.(See figure 1-9.)
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FIGURE

Freight Transportation Trends: 1980-1992
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However, ton-miles per unit of GNP has
remained below 1980 levels, indicating
that actual number of ton-miles required
to produce a unit of GNP has declined.

On the other hand, passenger mile
trends indicate that on both a per-capita
and a per-unit-GNP basis, passenger miles
of travel increased in the 1980s. (See fig-
ure 1-10.) In fact, the passenger share of
the total transport bill has grown substan-
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tially in recent years. (See figure 1-11.) It
must be noted, however, that the data on
which this statement is based represent
intercity passenger miles only.#

Transportation and Gross
Domestic Product

Gross Domestic Product (GDP) is a
measure of the total value of goods and
services produced for final demand within
the United States during a specified peri-
od of time, most often a year. One way to
arrive at this measure is to sum the final
demands for output of consumers, busi-
ness firms, governments, and foreign enti-
ties. The concept of GDP emphasizes final
demand, net of intermediate goods and
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services. These latter goods and services
include business purchases of freight
transportation and passenger transporta-
tion for employees, because these are
inputs to the production of business
firms’ products.

It is traditional to view personal con-
sumption expenditures, gross private
domestic investment, government pur-
chases of goods and services, and net
exports of goods and services as the GDP
major components. Adopting this conven-
tion, we can try to distinguish the por-
tions of each of these components that

90



are related to transportation activity.

The sum of personal expenditures on
transportation, business investment in
transportation equipment and trans-
portation companies’ investment in plant
and equipment, government purchases of
transportation-related goods and ser-
vices, and net exports of transport goods
and services grew to $728 billion in 1992.
(See table 1-2.) This transportation
expenditure comprises a fairly steady
proportion of GDP measured in current
dollars over the last four years: about 12
percent. A comparison of transportation-
related GDP in constant dollars to total
GDP, also indicates that transportation
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appears to comprise about 12 percent of
the nation’s real output over this period.
(See table 1-3))

There are convincing reasons to
believe that transportation activity is
undervalued in these types of compar-
isons. (Tables 1-2 and 1-3.) Time has not
permitted detailed investigation of the
U.S. Department of Commerce National
Income and Product Accounts beyond
published tables. Consequently, certain
categories of transportation-related activi-
ty have been left out. These include gov-
ernment purchases of transportation
equipment (as opposed to labor and con-
struction output), consumer spending on

TABLE INEFE

Gross Domestic Product Attributable to Transportation Demand
(In Billions of Current Dollars)

1989 1990 1991 1992

Personal Consumption of Transportation 437.3 453.9 434.6 463.1
User-operated transportation 399.6 414.0 395.5 423.9
Purchased local transportation 8.1 8.9 9.1 9.2
Purchased intercity transportation 29.5 30.9 30.0 30.0
Gross Private Domestic Investment in Transportation 156.1 173.5 173.1 185.4
Purchases of structures by transportation-related organizations 3.0 3.0 3.2 4.0
Private purchases of producers’ transportation equipment 153.1 170.5 169.9 181.4
Net Exports of Goods and Services -33.1 -25.5 -15.2 -13.2
Exports 72.1 84.0 92.3 102.2
Civilian aircraft, engines and parts 26.6 32.2 36.4 37.7
Automotive vehicles, engines and parts 34.9 36.5 40.0 47.1
Passenger fares 10.6 15.3 15.9 17.4
Imports 105.2 109.5 107.4 115.0
Civilian aircraft, engines and parts 9.6 10.5 11.7 12.6
Automotive vehicles, engines and parts 87.4 88.5 85.7 91.8
Passenger fares 8.2 10.5 10.0 10.9
Government Purchases 73.5 78.8 84.2 92.8
Federal Government Transportation-related Purchases 9.6 10.4 11.8 12.7
State and Local Government Transportation-related Purchases 63.8 68.4 72.3 80.1
Gross Domestic Product Attributable to Transportation Activity 633.7 680.7 676.7 728.1
Gross Domestic Product 5,281.0 5,546.0 5,723.0 6,039.0
Transportation Share of Gross Domestic Product 12.0% 12.3% 11.8% 12.1%
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TABLE INEEN

Gross Domestic Product in Constant Dollars Attributable to Transportation Demand
(In Billions of 1987 Dollars)

1989 1990 1991 1992

Personal Consumption of Transportation 407.5 403.1 373.6 389.0
User-operated transportation 373.8 369.1 340.2 356.2
Purchased local transportation 7.6 7.9 7.6 7.3
Purchased intercity transportation 26.0 26.2 25.8 25.4
Gross Private Domestic Investment in Transportation 148.0 159.8 152.3 158.9
Purchases of structures by transportation-related organizations 2.8 2.8 2.8 3.5
Private purchases of producers’ transportation equipment 145.2 157.0 149.5 155.4
Net Exports of Goods and Services -28.6 -23.4 -13.1 -11.5
Exports 68.8 76.7 81.7 88.5
Civilian aircraft, engines and parts 25.5 28.6 31.0 30.9
Automotive vehicles, engines and parts 334 34.1 36.4 41.9
Passenger fares 9.9 14.0 14.3 15.7
Imports 97.4 100.2 94.9 100.0
Civilian aircraft, engines and parts 9.0 9.3 10.0 10.3
Automotive vehicles, engines and parts 80.7 81.4 75.8 79.7
Passenger fares 7.7 9.5 9.1 10.0
Government Purchases 67.7 69.7 72.1 77.6
Federal Government Transportation-related Purchases 9.0 9.3 10.1 10.5
State and Local Government Transportation-related Purchases 58.8 60.4 62.0 67.1
Gross Domestic Product Attributable to Transportation Activity 594.6 609.2 584.8 614.0
Gross Domestic Product in Constant Dollars 4,838.0 4,897.0 4,861.0 4,986.0
Transportation Share of Gross Domestic Product 12.3% 12.4% 12.0% 12.3%

postal and delivery services, and interna-
tional visitor spending on transportation
within the U.S. and similar U.S. spending
within foreign countries, international
freight transportation receipts and pay-
ments, and related insurance and fuel.
Other relevant items may have also been
excluded. It is hoped that research effort
will be devoted to filling in these gaps to
provide a more accurate description of
transportation’s contribution to GDP.
There is a larger sense in which these
figures fail to indicate transportation’s
proper role in our economy. We, as con-

sumers, business operators, and govern-
ment officials, depend on transportation
to provide access to most of what we
need to function. Virtually all of the
goods and services we consume as final
demand or use as inputs in our produc-
tive processes are either delivered by
transport services or secured through our
own travel. In short, we all have a stake
in improving our understanding of how
transportation facilitates so much of the
economic activities on which we have
come to depend.



Transportation and
Employment

Transportation employment, not sur-
prisingly, follows the economic trends
described earlier. Using the expansive
Transportation in America (TIA) definition®
as the basis of determining transportation
employment, total transportation employ-
ment in 1990 amounted to slightly more
than 10 percent of all national employ-
ment, or roughly 12 million out of the 118
million employed Americans. (See figure
1-12.) Just like the trend in shares of GNP,
the employment share of transportation
has declined in recent years, from about
13.5 percent of all employment in 1960 to
its present share. Yet, total employment in
the industry increased by about 35 percent
from a base of 8.9 million in 1960, as total
output measured as passenger-miles and
ton-miles more than doubled. This growth
in transport employment is contrasted to
average growth of all employment (i.e., 78
percent) in the same period. The growth in
jobs that occurred between 1960 and 1990
came predominantly in the industries
related to transportation, typically automo-
tive services wholesaling and retailing, but
there was also some increase in delivery
and freight handling personnel.®

The transportation service sector, which
consists of carriers of freight and passen-
gers, grew only slightly in the period,
adding about 600,000 employees over 30
years. But, that net change masked dra-
matic shifts. For instance, in that period
rail services lost more than 600,000
employees while trucking gained 700,000.
Air transport services also gained more
than 500,000 employees, an increase of
over 300 percent.

The transport equipment manufactur-
ing sector exhibited limited growth,
increasing slightly in the period. All com-
ponent activities of the sector, e.g., aircraft
manufacturing, motor vehicles, and ship-
building, exhibited parallel weak growth
trends. All other sectors, including govern-
ment, have declined in share over the
1960-1990 period with the exception of
the transport-related sector which expand-
ed to a majority of transport employment.
(See figure 1-13.) In recent times, 1990
was the peak period for total employment
in the transport sector, reaching 12.3 mil-
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lion. By 1992, however, total employment
had slipped to just below 12 million.

The occupational mix of those with
specialized transport skills is significant.
Of the 8.6 million persons identified in
1990 as transport specialists, almost 2.7
million were truck drivers. Another 1.4
million were automotive mechanics and
body repair specialists, and almost .5 mil-
lion were bus operators.

If the narrower definition of transport
is used—comparable to that applied in the
GNP statistics—transport employment
amounted to 3.1 million in 178,000 estab-
lishments.” This is according to the 1990
County Business Patterns reports of the
U.S. Bureau of the Census.®

Examination of the County Business
Patterns reports on the distribution of jobs
among these establishments—with their
accompanying levels of employment and
payroll—by the separate modal elements
of the industry indicates that almost 60
percent of employment is in the area of
trucking and warehousing. (See table 1-4.)
However, these data are based on firms
that participate in unemployment security
programs; therefore, certain types of enti-
ties are excluded (most notably railroads,
which have a separate system, as well as
employees on oceangoing vessels and the
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FIGURE

Transport Employment Industry Shares:
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self-employed). In 1992, the railroad in-
dustry reported 197,000 employees in the
12 Class | railroad organizations with a
payroll of nearly $9 billion.® Total employ-
ment in all railroads in 1992 was esti-
mated at 275,000. Both total and Class |
rail employment have shown dramatic de-
creases over the years.°

Despite incomplete coverage, the
County Business Patterns reports are use-
ful because they provide a highly detailed
annual data source that permits an assess-
ment of employment by area by industry
by size of establishment. The 1990 reports
show the distribution of covered transport
employment by Standard Industrial
Classification by size of establishment.
(See figure 1-14.) The reports indicate that
the transportation field contains large
numbers of organizations and employees
in every size category. The services indus-
try, which includes freight forwarders,
travel agents, and tour operators, is the
most concentrated at the small end of the
employment distribution while the airline
industry seems to be the most concentrat-
ed in the more-than-1000-employees cate-
gory. Trucking appears to be the industry
most uniformly distributed across all size
categories with substantial numbers of
employees in all groupings.

The Domestic Impact of
International Travel

Forecasted expenditures by interna-
tional visitors in 1994 on U.S. air carriers
and while in the country will substantially
exceed the $71 billion in receipts from vis-
itors in 1992, and double the 1988 figures.
This amount, the highest level of travel
receipts by any country, more than offsets
the deficit impact on our balance of pay-
ments of the $51 billion spent by
Americans outside the country in 1992,
also the highest amount of tourism spend-
ing by any country. Thus foreign tourism
made a $20 billion contribution to balance
of payments. Recent data systems changes
make confirmation and refinement of
these data crucial to future understanding
of balance of payments impacts of
tourism.

Foreign visitors to the U.S. historically
have applied about 15 percent of their
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TAaBLE INEEE

Employment by Transport Industry Sector: 1990

Industry Sector
Standard Industrial Classification (SIC)

Number of Establishments

Total Annual Payroll
(In Millions of Dollars)

Number of Employees

SIC 41 Transit 15,126 329,040 $ 4,665
SIC 42 Trucking & Warehousing 103,269 1,574,833 38,501
SIC 44 Water Transportation 7,088 158,031 4,810
SIC 45  Air Transportation 9,631 674,058 21,393
SIC 46 Pipelines 660 15,310 644
SIC 47 Transport Services 42,520 370,094 8,183
TOTAL 178,294 3,121,366 $78,196

travel expenses to transportation, indicat-
ing about a $10 billion domestic market.
According to past U.S. Travel and Tourism
Information Administration surveys,
about half of all overseas visitors use
domestic air travel during their stay, 6 per-
cent use Amtrak, 18 percent intercity bus,
and 36 percent rental cars. Also, almost 36
percent use the autos of friends and rela-
tives while here. The likelihood of using
different modes varies by visitor nationali-
ty and trip purpose. Those visiting for
business purposes—about 46 percent of all
visitors—use air and car rental more
extensively than other travelers.
Vacationers, students, and those visiting
friends and relatives are more likely to use
bus, rail and private cars. Almost two-
thirds of Canadian arrivals are by personal
auto.t

The effects of foreign travel on the bal-
ance of payments have two components:
the balance of expenditures on the ground
in the countries visited and the travel pay-
ments balance. The ground expenditures
balance varies primarily by changes in the
ratio of foreign visitors to citizens depart-
ing, while the travel payments balance is
more a function of consumer preferences
for certain carriers independent of nation-
ality. In the past, the U.S. balance with
other nations generally suffered because
foreign citizens tended to use their nation-
al carriers more than did U.S. citizens. In
the late 1980s, however, this began to
change, and in 1987 this situation was
nearly in balance; the deficit had been
reduced to a few hundred million dollars,
representing a dramatic improvement of
the typical deficits in the range of $1 to $3

billion in the early 1980s. In 1992, travel
receipts from foreign visitors exceeded
payments by U.S. citizens to foreign carri-
ers by almost $6 billion. This radical
change is the result of sharp improve-
ments in the market penetration of U.S.
flag carriers with both U.S. citizens and
foreigners.*?

The ground expenditures balance re-
mained at about $2.5 billion in 1988, but
by 1989 it had crossed over and receipts
exceeded payments. By 1992 the surplus
amounted to more than $12 billion.

Transportation and the
Nation: What More We Need
to Know

Several conceptual problems, as well
as detailed statistical issues, need to be
resolved in regard to transportation’s rela-
tionship to the society and the economy.
There are answers needed for a better
understanding of the role transportation
provides in a society where the mobility of
persons and goods is highly valued. This is
more than amply demonstrated by the
amount of time and money expended on it
willingly by citizen, government, and busi-
ness. But, there is no statistical underpin-
ning to this inference. The product of
transport, and what it does for society, has
not been adequately described in terms
that permit effective measures of produc-
tivity. Especially in an era in which trade-
offs are critical between transport mobility
and other values such as air quality and
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energy conservation, it is crucial to know
what value to place on mobility.

More specifically, the need to link
transportation into the national economic
accounts, in a way that permits a full
understanding of transportation, is a cru-
cial part of the Bureau of Transportation
Statistics’ (BTS) program for the future.
This will entail the delineation of a rigor-
ous and viable definition of transportation
consistent with the National Income and
Products Accounts, and the restructuring
of the Standard Industrial Classification
system to be consistent with that redefini-
tion. Development of these capabilities
may require special studies to disaggre-
gate elements of the existing accounts or
the creation of shadow accounts that re-
aggregate existing data in new ways.
Analyses of the relationship of freight
trends to the GDP and determination of
the relative contribution of the many fac-
tors involved in the decline in ton-miles
per GDP could pay huge dividends in
understanding the role of transportation
in the current economy and in forecasting
future trends.

Productivity measurement lags in
transportation even in the simplest
forms; labor-hours data are difficult to

obtain as are adequately detailed ton and
ton-mile estimates. Passenger-mile mea-
sures in air and rail seem to be better
organized. But, the decline in the bus
statistics needed to permit a continued
series on bus productivity is an example
of the government’s limited capability.
The ability to take into account changes
in value of goods moved so that a value-
miles concept can be incorporated in
productivity calculations will be a crucial
future step.
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CHAPTER

TRANSPORTATION
NETWORK

Transportation Inventory
and Condition

The transportation inventory consists
of a number of elements for each form of
transportation: facilities, such as highways
and waterways; vehicles and equipment,
such as rail cars and aircraft; and opera-
tors, such as pilots and drivers. All these
elements, plus such supporting activities
as maintenance and administration, are
needed to produce transportation services.

Individuals can produce transport ser-
vices as they pilot their own aircraft or
drive their own automobiles. They can

illions of motor vehicles, vessels,
and aircraft operating on a vari-
ety of networks comprise the

nation’s transportation systems. These systems range in
geographic extent from the near ubiquity of highways to
the very constrained reaches of navigable waterways.

The vehicles, facilities, operators, and other components
of these systems vary in number, age, condition, and
other factors that affect the cost and effectiveness of
transportation to shippers and the traveling public.

The extent of public knowledge also varies among sys-
tems from a complete inventory of aircraft and airports to
the scattered and incomplete data on school buses.

also obtain services from transportation
businesses that supply rail, motor carrier,
freight forwarder, warehousing, and a
great variety of other transportation ser-
vices on a for-hire basis to business and
individual users. Similarly, businesses that
are not primarily in the transport field
employ the elements of transportation to
obtain transportation services for their
own consumption and in fact, these pri-
vate transportation services are sometimes
also sold to others on a for-hire basis.

The inventory of vehicles, labor, and
other resources needed to provide all the
transport services consumed within the
United States and sold to other countries
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is immense. Most are readily categorized
into one of six modes of transportation:
highway, air, rail, urban and rural transit,
water, or pipeline. Others are intermodal.
(See table 2-1.)

Highway Transportation

In the United States, highways provide
the most pervasive form or mode of trans-
portation. This mode encompasses: (1)
vehicles—automobiles, motorcycles, bicy-
cles, trucks, truck-tractors and trailers, and
buses; (2) drivers—both employed drivers
and individuals who drive their own vehi-

TABLE IEENE

Principal Transportation Modes

Mode

Highways

Major Defining Elements

Public roads and streets; automobiles,
vans, trucks, motorcycles, and buses
(except local transit buses) operated by
transportation companies, other busi-
nesses, governments, and households;
garages, truck terminals, and other facili-
ties for motor vehicles.

Air

Airways and airports; airplanes, heli-
copters, and other flying craft for carrying
passengers and cargo.

Rail

Freight railroads and Amtrak.

Transit

Commuter trains, heavy-rail (rapid rail)
and light-rail (streetcar) transit systems,
local transit buses, taxis

Water

Navigable rivers, canals, the Great
Lakes, St. Lawrence Seaway,
Intercoastal Waterway, ocean shipping
channels; ports; commercial ships and
barges, fishing vessels, and recreational
boating.

Pipeline

Crude oil, petroleum product, and gas
trunk lines.

cles—plus other highway-related workers;
and (3) the highway infrastructure—roads,
streets and highways, together with their
associated bridges, traffic control devices,
and other facilities.

The Highway Inventory

The country has an extensive network
of some 3.9 million miles of roads and

streets.! These highway facilities are
owned, operated, and maintained by gov-
ernments at every level—federal, state, and
local—and even in some cases by private
entities. This report describes only the
public road inventory, because data are
lacking on facilities under private control.?

Some 3.1 million miles of the total
highway inventory, or about 81 percent,
are in rural areas. The rest of the network,
19 percent—or about 740,000 miles—is
located in urban areas.®

Although the road network is extensive
and pervasive, when measured in terms of
roads in relation to area, the U.S. ranks
low compared to such developed countries
as France, Great Britain, and Japan—each
of which has at least twice as many kilo-
meters of road per unit area of land as
exist in the U.S. However, if road expanse
is viewed in relation to population, those
countries have relatively less road than
does the U.S., with its lower population
densities and tremendous continental
expanse. The French, for example, with
about 100 persons per square kilometer of
land, have 1.5 kilometer of road per square
kilometers of area; the U.S. has about 20
persons per square kilometer and about
0.7 kilometers of road—Iless than half of
France’s roads for every unit of land area,
but with only one-fifth the population den-
sity.* The higher ratio of roads to popula-
tion in the U.S. reflects a need to connect
the country’s more widely dispersed com-
munities and economic activity. Moreover,
this means that as there are more roads per
person, there is a higher per-person cost for
maintaining roads in the U.S. than the resi-
dents of other countries.

The size of the U.S. highway system
has been relatively static for many years,
but the proportion of the system consist-
ing of roads with higher service levels has
increased.(See figure 2-1.)° Far more miles
of road are hard-surfaced today than in
past years, and the system contains a
greater proportion of multiple-lane facili-
ties serving higher volumes of traffic.’ The
number of bridges on public-use roads
(bridges are defined as structures more
than 20 feet long, totaling some 575,000 in
1991)7 has changed little over the years.®

Highway Functions. U.S. highways
are classified according to the function
they are intended to perform. There are
three key functional systems: arterials,
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collectors, and local roads.® The functional
road systems relate to the trip purposes of
the traffic they are designed to serve, such
as local land access traffic for local roads
and streets, and higher-speed, higher-vol-
ume, and often longer-distance traffic for
arterials. The U.S. inventory of Interstate
highways, a 43,500 mile network, includes
many of the nation’s highest-function arte-
rials.(See figure 2-2.) The Interstate
System, authorized by Congress in 1956,
was designed to connect major population
centers throughout the United States.
National Highway System. In Decem-
ber 1993, Secretary of Transportation
Federico Pefia recommended a National
Highway System (NHS) of arterial facili-
ties to Congress.'® NHS is to include all
Interstate highways and will approximate
157,000 miles of facilities. Other national-
ly recognized systems of highways exist as
well, such as the National Network for
Trucks, (consisting of some 211,000 miles
or 5.4 percent of all U.S. public road
mileage),!! for the operation of larger
truck-tractor combination vehicles.*?
Highway Jurisdictions. Although the
federal government plays important roles
in funding and managing the U.S. high-
way system, state and local governments
control almost all the roads and bridges in
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the United States. Local governments have
jurisdiction over about 74 percent of the
system (2.9 million miles), while the states
own and maintain 21 percent (800,000
miles).’® Only about 6 percent of the
mileage is under the direct jurisdiction of
the federal government (consisting of facil-
ities open to public use on federal lands,
such as national parks and monuments).

The Highway Vehicle Inventory

There are some 190.4 million regis-
tered motor vehicles in the United States,
operating over the 3.9 million miles of
highways, streets, and roads.'* That comes
to about 57 automobiles for every 100 per-
sons in the country, and 77 vehicles
(including trucks, buses and motorcycles)
for every 100 people.’® With 173 million
drivers in 1992 and 190 million vehicles,
the U.S. registers more vehicles than there
are licensed drivers.'® In comparison,
Canada (which is the country ranking sec-
ond highest to the U.S. in vehicle popula-
tion per capita) has far fewer—47 cars and
64 vehicles per 100 persons. Still, many
other countries contain more vehicles per
kilometer of road than the U.S. figure of
25: Switzerland has about 40, Japan near-
ly 50, and Hong Kong—with its tremen-
dous population density—tops the list
with more than 220.%7

Truck Inventory. The U.S. supply of
trucks and truck-tractors is about 45 mil-
lion units; however, data show that 1.7
million of these are registered as farm
vehicles, which typically do not operate to
the same extent as other trucks, on public
roads. Some 38 million are classified as
light (meaning 10,000 pounds gross weight
or less); another 1.3 million private vehi-
cles are truck-tractors, which carry the
largest loads and pull the 3.8 million com-
mercial trailers registered in private use,
as well as the nearly 200,000 that are pub-
licly owned.!® The greatest growth in num-
ber of trucks has been occurring with
small vehicles—used much like passenger
cars—and with the largest truck-tractor
combinations.

Bus Inventory. The stock of buses
(most of which are school buses) has been
growing, totaling some 645,000 in 1992,%°
compared with 397,000 in 1971 and
544,000 in 1981.%° By far the majority of
these (369,000 in 1992) are publicly
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owned, almost entirely by non-federal gov-
ernments.?!

Overall Vehicle Inventory Trends.
Large though the number of vehicles may
be, the total dipped slightly in 1991 (down
426,000, or 0.2 percent, from 1990) before
rising again in 1992.22 Of all the vehicles
that data show to be registered for use on
the highways, only those categorized as
motorcycles and recreational vehicles
appear to have been declining over time to
any major extent in the U.S. motorcycle
registrations fell from 5.7 million in 1980
down to 4.2 million in 1991, while recre-
ational vehicles declined from 354,500 in
1990 to 300,500 in 1991.2% The key trend
has been the increase in the proportion of
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trucks in the vehicle fleet (primarily light,
off-farm vehicles, or pickups)—from 16
percent in 1960 to 24 percent in 1991.%
(See figure 2-3.)

Inventory of Highway Vehicle
Operators and Related Employees

Drivers.?® For every 1,000 persons resi-
dent in the U.S. there are 679 licensed dri-
vers.?8 As there are 885 persons in the
driving-age population for every 1,000 per-
sons resident in the country, the great
majority of those who are capable of oper-
ating a vehicle—and can afford to do so—
are already licensed. At one time drivers
were preponderantly male (until 1965
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some 60 percent of licensed drivers were
male),?” but the proportions are now
roughly equal (51 percent male in 1992).28
Of the 173 million drivers in the U.S., an
estimated two million of them were com-
mercial truck drivers and delivery personnel
in 1992.2° Most drivers, however, operate
their own vehicles for work, shopping, and
a variety of personal business trips.
Highway Transportation Employees.
It is estimated that 4.2 million employees
work in the field of highway transportation
and another 4.4 million supply motor
freight services; 1.6 million in trucking and
truck terminals; 2.1 million as truck dri-
vers and delivery personnel, and, 610,000
as Class | intercity motor carriers of prop-
erty.3® Some 139,000 work as employees of
commercial intercity and school bus com-
panies (which have 275,000 private and
commercial buses registered).3! Federal,
state, and local governments, which own
and operate almost 369,000 additional
nonprivate-sector buses—mostly school
buses typically operated by part-time dri-
vers—are estimated to employ 405,000 full-
time-equivalent employees.3? Finally,
580,000 persons work as state and local
government highway employees, 219,000
work in highway and street construction,33
and 4,000 are employed by the Federal
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Highway Administration (FHWA).** Total
figures suggest overall employment in
highway transportation (not including
vehicle manufacture and assembly or the
U.S. Postal Service) of nearly 10
million.(See table 2-2.) To put this employ-
ment figure in perspective, 9 percent of the
civilian labor force is employed in highway
transportation.3®

Inventory of Motor Carrier Services

Motorists use highways, but so do
operators of many other vehicles, includ-
ing trucks (long- and short-haul truckers),
buses (transit, school and intercity), public
service and utility vehicles (ambulances,
police cars, fire engines, sanitation trucks,
etc.), taxicabs, bicycles, and vans. Some of
these operators serve passengers, others
serve freight demands, and a few provide
joint services (for example, intercity buses
jointly produce package freight and pas-
senger services; taxicabs occasionally
carry packages, as well as passengers and
their luggage or parcels). Overall, it is cal-
culated that more than 75 percent of the
value of all goods and services produced in

TABLE e

Highway Transportation Employment
by Sector: 1991

Sector Estimated Employment
Truck drivers and delivery personnel 2,148,000
Auto dealers and service stations 1,996,000
Trucking and truck terminals 1,609,000
New and used car dealers 886,000
Auto repair services and parking 882,000
Class | intercity motor carriers of property 610,000
State and local government highway agencies 580,000
Motor vehicle parts and supplies 446,000
Public-sector transit and school buses 405,000
Highway and street construction 219,000
Commercial intercity and school buses 139,000
Taxicab drivers 32,000
Federal Highway Administration 4,000
TOTAL 9,956,000
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the U.S. is carried by truck, and most pas-
senger traffic moves over the highways.3¢
(It has been estimated that 80.5 percent of
intercity passenger travel is highway trans-
port3” and 91 percent of journey-to-work
trips are taken by auto and truck.)3®

Industrial Structure of Highway
Carriers. The Interstate Commerce Com-
mission (ICC) reports the existence of more
than 50,000 for-hire motor carriers of prop-
erty (of which more than 48,000 are small,
Class Il carriers with less than $1 million
annually in operating revenue).®® As a gen-
eral matter, these figures suggest that
major transport markets contain many
motor carriers, although some carriers spe-
cialize in certain types of hauls and mar-
kets. For example, the average size of LTL
(less-than-truckload) carriers, which spe-
cialize in smaller shipments, is greater than
the size of TL (truckload) carriers.*°

Full information about how many carri-
ers serve each market, and with what kinds
and frequencies of service, is not avail-
able.*! The number of businesses in high-
way freight transportation appears to have
grown since partial deregulation of the
motor carrier industry occurred upon pas-
sage of the Motor Carrier Act of 1980, al-
though the number categorized as larger
Class | carriers has fallen.*?

Passengers. The ICC reports 30 Class |
motor carriers of passengers (i.e., with $5
million or more in annual revenue), and
4,573 other bus companies (with revenue
less than $5 million).*® Bus carriers trans-
port packages as well as passengers, and
some carriers engage in charter operations
as well as, or instead of, regular-route ser-
vices. Although there are many bus carriers,
the largest by far is Greyhound, which is
the only bus company to offer nationwide
service. Overall, more than 5,000 locations
are currently served by intercity buses,
this represents a 52 percent decline in ser-
vice from the almost 12,000 places served
in 1982.44

Other Highway Carriage. Many addi-
tional businesses have a role in facilitating
highway transport. For instance, some
7,600 brokers exist to match freight ship-
pers with carriers.®® Moreover, it is en-
tirely possible that the majority of freight
carried on the highways is transported by
private carriers;*® it has been estimated
that 26 percent of all intercity freight ton-
nage for 1992 was carried by non-ICC reg-

ulated trucks, compared with the 17 per-
cent moved by the regulated carriers.*’

Joint Use of Highways. The highway
system is used jointly by all of these opera-
tors and by individual motorists. In only a
few cases are roads and highways restrict-
ed in service to just certain users. Ex-
amples of special use roads include high-
occupancy lanes on urban freeways, tran-
sit-only lanes and streets, logging roads for
the use of large trucks, or minor rural
roads limited to light vehicles during
spring thaw periods.

Motor Carrier Terminals. Motor carri-
ers also use truck and bus terminals in
their operations, as locations to gather,
distribute, or transfer freight and passen-
gers. Some of these terminals are inter-
modal, for example, intercity bus
terminals that provide connections to local
transit service, and freight facilities where
containers are transferred from rail cars
or ships to trucks. Very few data exist
about terminals and their characteristics,
S0 no inventory can be given of terminal
size, location, capacity, throughput, capi-
tal stock, or degree of intermodal connec-
tion. About the only descriptor known on
a national basis is the number of persons
employed in trucking and truck terminals;
as noted earlier, according to the Bureau
of Labor Statistics about 1.6 million peo-
ple worked in these facilities in 1991, and
1.5 million in 1992.48

The Condition of Highway
Transportation

For many years, the condition of high-
ways has been studied and measured far
more extensively than the condition of any
other mode of transportation. It stands to
reason, therefore, that more is known
about the condition of highways than
about the elements of the highway trans-
portation system.*°

Rating Systems and Findings. High-
ways are rated according to the levels of
service (LOS) they provide on a scale from
A (best operating conditions) to F (poor:
stop-and-go driving).>® Highway pavement
condition is rated according to a present
serviceability rating (PSR), which is mea-
sured from 5 (very good—typical of new,
smooth pavements) to 1 (deteriorated,
reduced speeds, ride discomfort). Bridges
are rated according to several criteria to



determine structural and functional ade-
guacy.®! Eligibility for federal funding is
then determined by application of bridge
sufficiency ratings developed by FHWA.

According to FHWA, the following is
true:

e Pavement condition improved
throughout the 1980s and continues
to do so in the 1990s. The mileage of
“poor” pavement continues to decline;
however, some 234,500 miles of arte-
rials and collectors remain rated
“poor” or “mediocre.”

Highway performance, as measured
by various indicators of congestion,
declined marginally between 1989
and 1991 on the higher-function
urban systems and improved slightly
on the lower-function systems.

e More than half the urban peak-hour
congestion occurs in the urban areas
larger than one million population.
In 50 of the most populous urban
areas, the cost of congestion (includ-
ing delay and fuel consumption) was
estimated to exceed $39 billion.
Bridge conditions have stabilized and
show a reduction in the number of
structurally deficient bridges.>> Some
118,500 of the nation’s 575,000
bridges were structurally deficient in
1992, compared with 134,100 in 1990.
The number of structurally deficient
nonlocal bridges is less than 15 per-
cent of the total.5

Performance Indicators. Other high-
way performance measures that are re-
ported (and relate to system condition)
include vehicle speed, trips made, and
miles traveled. Speeds, which dipped
sharply in 1973 with imposition of a
nationwide 55 mile-per-hour limit, have
since increased to levels just a bit below
those of earlier years. Average daily traffic
figures show approximately 4 percent
annual growth over the past 20 years, but
truckload traffic has increased at about an
18 percent annual rate.5* The average
annual numbers of vehicle trips and vehi-
cle miles of travel have grown from decade
to decade, for example, in 1983, trips per
household equaled 1,486 covering 11,739
miles, while in 1990 there were 1,702 trips
and 15,101 miles of travel.®®

Capital Stock and Condition. Capital
outlay data for the highway mode are
available, but capital stock figures for the
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public sector generally are not. (See chap-
ter five.) The condition of the investment
in highway transportation (including
depreciation and remaining life expectan-
cy) is not calculated, so the current value
of highway investment cannot be given;
nor, is it possible to determine how much
it would cost to replace or replicate the
capital stock. Stock data are difficult to
gather as the condition of the information
is inexact, and quality changes have
occurred. However, data are available on a
few components of highway capital, for
example, figures show that the average age
of passenger cars in use was 8 years in
1991, compared to 7.6 years in 1985 and
6.0 years in 1980.% The U.S. Department
of Commerce produces statistics illustrat-
ing the current-cost gross stock of trans-
portation-related fixed private capital.
Among the elements of that stock that are
clearly highway-related are motor vehicles
and equipment; trucking and warehous-
ing; and auto repair, services, and parking.
(See table 2-3.)

TABLE IEEER

Transportation-Related Private Capital

Stock: 1992 (In Billions of Dollars)

Industrial Category Gross Net
Manufacturing:
Motor vehicles and equipment 124.8 64.7
Other transportation equipment 104.2 60.8
Transportation:
Railroad transportation 244.4 106.3
Local and interurban passenger transit 12.3 5.9
Trucking and warehousing 101.3 44.2
Water transportation 56.2 22.4
Transportation by air 107.1 53.4
Pipelines, except natural gas 41.3 20.0
Transportation services 44.8 20.3
Services:
Auto repair, services, and parking 164.4 95.8
TOTAL 1,000.8 398.0
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Condition of Human Capital. In con-
trast with the extensive body of informa-
tion available about the physical condition
of the highway infrastructure, and lesser
amounts of information on capital condi-
tion, very little appears to be known about
the condition of the highway workforce.
Concern is expressed about the supply of
truck drivers, in part because training costs
are viewed as higher than in the past, mak-
ing rapid turnover expensive for trucking
firms;®” and in part because of the age dis-
tribution of state highway engineers and
other experienced workers.%8 Also at issue is
the skill level of older drivers and the ability
of the highway system to accommodate
increasing numbers of older motorists.>®
Despite these questions raised about work-
force change, statistical series on qualita-
tive change are not maintained.

Air Transportation

The elements of the air transportation
system are: airports; airways; aircraft,
pilots and other personnel; and the suppli-
ers of air passenger and freight services.
Some air service users are recreational fly-
ers; other users include a variety of busi-
ness operations. In addition, a number of
for-hire passenger and freight carriers
operate over the air transport system.

Inventory of Airports

There are more airports in the United
States than in the rest of the world com-
bined. In all, the U.S. had some 17,500 air-
ports in 1990, up from 15,200 as recently
as 1980.%° These include the 3,285 public
and private airports that are included in
the National Plan of Integrated Airport
Systems (NPIAS)8! and thereby are eligible
to receive federal aid.®? But the total also
includes other private paved and unpaved
landing strips (only 44 percent of the
nation’s airports have paved runways),
other public and public-use airports, heli-
ports, and short take-off and landing
(STOL) ports.®3 (See table 2-4.)

Although the U.S. holds a large num-
ber of airports, most of them (12,245 in
1992)% are not open to the public, and
more than half of all commercial passen-
gers pass through only 25 airports. Still,

TABLE IEEEE

Number of U.S. Airports

1986 1988 1992
Public-Use Airports 5,775.0 5,680.0 5,545.0
% with Lighted Runways 69.2 70.2 72.3
% with Paved Runways 66.6 69.2 71.7
Private-Use Airports 10,807.0 11,647.0 12,301.0
% with Lighted Runways 8.8 7.7 7.6
% with Paved Runways 28.1 30.0 36.6

Certificated Airports 711.0 646.0 n/a

General Aviation Airports 15,871.0 16,681.0 n/a
Airports with FAA Towers 416.0 398.0 400.0
TOTAL AIRPORTS 16,582.0 17,327.0 17,846.0

air transport in the U.S. is far more active
than elsewhere in the world; of the world’s 50
busiest airports, 31 are located in the U.S.

Airport Classification. Airports, like
highways, are classified in various ways.
Scheduled air passenger service is provid-
ed at about 800 airports, and some 570
(those airports with 2,500 or more en-
planements annually) are classified as
commercial service airports. Commercial
service airports that enplane 0.01 percent
or more of total U.S. air passengers are
classified as primary airports. In 1990 the
U.S. held 396 primary airports, and eight
additional airports were proposed for this
status. Primary airports account for more
than 99 percent of air passenger enplane-
ments on certified air carriers, and at least
95 percent of air passenger enplanements
on all scheduled domestic air carriers,
including commuter airlines.®

Hub Airports. The U.S. contains 26
large hub airports. Large hub airports are
defined as primary airports handling 1
percent or more of total air passenger
enplanements. Together the large hubs
accounted for 71 percent of all commer-
cial air passenger traffic in 1992. NPIAS
identifies 285 reliever airports—smaller
airports located near a congested hub or
primary airport—and proposes the devel-
opment of 71 more by the year 2000.57
There are also some 233 military airfields
in the United States, and 24 currently per-
mit civil aviation operations.®®



Airways and Air Traffic Control

Airways are a system of electronic nav-
igation aids and air traffic control proce-
dures designed to keep aircraft safely
separated and to help them avoid danger-
ous weather conditions. Performance of
the airways system is measured by the
number of aircraft handled by Federal
Aviation Administration (FAA) Air Route
Traffic Control Centers and Towers. In
1992 that system handled more than 98
million aircraft.®® Airway system mileage
consists of 185,600 miles of low-altitude
air routes and 150,496 miles of high-alti-
tude jet routes.”

There are 20 air route traffic control
centers in the continental U.S. plus four
offshore facilities located in Anchorage,
Alaska; Honolulu, Hawaii; San Juan,
Puerto Rico; and Guam. The FAA operates
air traffic control towers at 401 public-use
airports.”* Other elements of the airport
and airways system include 201 airport sur-
veillance radar and 118 air route surveil-
lance radar sites, plus 26 beacon-only sites;
934 FAA-operated radio navigation sites;
and 728 nondirectional radio beacons.”

Inventory of Aircraft

The U.S. aircraft fleet consists of some
275,000 civilian planes (most of which
have single-engines), helicopters, gliders,
blimps, and balloons.” It is estimated that
4,580 aircraft were available for air-pas-
senger-carrier service in 1991. Of these,
3,782 were flown by major air carrier
operators), 582 were employed by national
carriers, and regional carriers flew 214 air-
craft.” One important trend has been a
decline in the number of smaller single-
engine aircraft, from 168,600 in 1980 to
154,500 in 1991.7

The total number of commercial for-
hire large aircraft in operation (turbojet,
turboprop, and piston) reported by all U.S.
air carriers (domestic, international, sup-
plemental/scheduled, and cargo carriers)
reached 4,695 in 1991.7¢ Commuter air
carriers and on-demand air taxis reported
1,359 small aircraft in operation that
year—two turbojet, 1,143 turboprop, 203
piston, and six rotary.”’
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Pilots and Air Carrier Employees

In 1990 there were 703,000 active pilot
certificates held—an increase from the
recent low point of 694,000 in 1988, but
still down from 764,000 in 1981.”® Some
492,000 nonpilot certificates were in exis-
tence (mainly mechanics—344,000), up
from 383,000 in 1981.7° It has been esti-
mated that 97,000 persons were employed
as pilots and navigators, 133,000 as air-
craft mechanics, and 89,000 as aeronauti-
cal engineers and an overall total of
732,000 persons employed in air transport
service (down from a high of 789,000 in
1990).8° The FAA employed 53,108 persons
in 1993,8! so the total employed workforce
in air service and with the FAA approxi-
mated 785,000.82

Air Carrier Services

About 200 U.S.-certificated and com-
muter air carriers are in operation today.
Of these, the 10 major carriers account for
about 80 percent of all passenger enplane-
ments. Another 13 percent of enplane-
ments take place on smaller, national
carriers (15 firms), while commuter carri-
ers account for 5 percent of enplanements,
and regional carriers (35 firms) provide
for 2 percent.83

Code Sharing. Unlike the lineal ser-
vices once more commonly offered by air
carriers, most services today are of the
hub-and-spoke variety, with shorter-haul
feeder routes terminating at major air-
ports where passengers transfer to longer-
haul flights. Many commuter carriers
using smaller aircraft specialize in spoke
services connecting with the majors at
hubs. The 10 major carriers (down from
12 in 1990 with the bankruptcies of
Eastern and Pan American) have devel-
oped their route systems to provide broad
geographic coverage of major sections of
the country, serving from one airport hub
to another. A fairly recent development is
for commuter and major carriers to com-
bine their services in code-sharing systems
to integrate carrier operations. (American
Eagle and United Express flights are ex-
amples of such arrangements.) Although
hub-and-spoke arrangements permit opera-
tional efficiencies and capital savings for the
carriers (leading to the need for fewer air-
craft and personnel), they can mean more
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time in transit for the air traveler; however,
smooth commuter-major partnerships may
be a means of off-setting consumer dissat-
isfaction with hub-and-spoke operations.

The Condition of Air Transportation

No complete condition and perfor-
mance measurement system for air trans-
port exists, however, data for elements of
such a system are provided by the FAA for
airports.8* The FAA also compiles informa-
tion about air traffic delay, recording
flights delayed 15 minutes or more, and
reports that the average delay per opera-
tion (a takeoff or a landing) was 7.1 min-
utes in 1992.85 Even if capacity increases
proposed by the FAA occur, the average
delay is expected to increase, reaching 8.7
minutes by 1998. If improvements are not
made, future delays are expected to be far
greater.%8

Condition of Commercial Passenger
Service. Another measure of condition is
the database on air passenger service com-
plaints produced by the Office of
Consumer Affairs of the U.S. Department
of Transportation (DOT). DOT produces a
monthly Air Travel Consumer Report—
which is often used by the news media—
containing information on flight delays,
mishandled baggage, and overbooking.
DOT periodically generates an internal
report of complaints, and reviews the find-
ings to identify trends and patterns.

Runway Condition. Most public-use
runway pavement is inspected annually,
and the pavement is classified as good,
fair, or poor. Overall, in 1990 some 68 per-
cent of the nation’s public-use airports had
runways with pavement condition rated
good, 25 percent fair, and 7 percent poor.
These figures are slightly improved over
1986 figures.®’

Aircraft Condition. The FAA is prepar-
ing rules to govern operational limits for
some aircraft that would require special
maintenance as well as the retirement of
older planes. According to the FAA, the
average age of jets has increased to 17.8
years and 94,300 flights. New FAA rules
could increase carrier costs (particularly
for freight carriers which are more likely
to use the older planes), but they should
also lead to a newer, presumably safer,
fleet.® Similarly, noise reduction require-
ments, such as the phase out of noisier

Stage-2 aircraft by the end of 1999 affect
average fleet (or power plant) age by stim-
ulating earlier retirements or retrofitting.®°

Condition of Human Capital. Changes
in the quality of the air transport work-
force—such as pilots and mechanics—are
difficult to discern, but questions have
been raised about the potential for in-
creased retirements of airline pilots. Some
23,000 are expected to retire in the next 10
years (unless the current mandatory age
limit of 60 is raised). This approximates
one-third of the workforce. Moreover, the
military is no longer training the quantity
of pilots provided in the past. Recently 85
percent of airline crews learned to fly in
the military, but by the year 2000 only a
third will have that background. Flight
hours are likely to fall (according to one
estimate, from the recent average of 1,900
hours of jet experience for new hires to
500 hours by the year 2000) but better
training, including the use of simulators,
may maintain necessary skill levels. Some
concern is expressed, however, that the
increasingly more common two-crew-
member cockpit will not permit the exten-
sive learning experience once enjoyed by
junior crew members.*®°

Intercity Rail
Transportation

The physical railroad system consists
of track, operating equipment, and the
other capital and human resources
required to produce rail freight and pas-
senger services. For-hire rail freight trans-
port is provided by a number of freight
rail lines, and passenger service is provid-
ed primarily by Amtrak (the National
Railroad Passenger Corporation), which
operates over its own right-of-way in the
Northeast Corridor of the U.S., as well as
over the tracks of 24 rail freight carriers.

Rail Track Inventory

The density of the rail track network in
the U.S. has been declining for decades,®
reaching 113,056 miles in 1992.°% In con-
trast with the National Highway System of
road arterials (155,000 miles), the rail sys-
tem provides less extensive geographic
coverage for the country, particularly in



the far western states, which historically
built rail lines later than their eastern
neighbors. The decline in miles of railroad
and miles of railroad track should not be
taken to imply that major markets no
longer have rail freight service available.
Rather, major origin and destination
points are now likely to have one rail line
instead of two; in some cases, direct rail
service to minor markets and service to
some agricultural production regions has
been cut, requiring track interconnections
to railroads. (See figure 2-4.)

Intercity Passenger Rail. Amtrak
operates 25,000 route miles with 524 sta-
tions.®* These numbers have increased
slightly over the past decade, but the
extent of available passenger rail services
is less now than in the years prior to the
formation of Amtrak in 1970. However, by

Railroad Network - Mainline
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the time Amtrak assumed responsibility
for operating 23,000 route-miles of trains
between 21 city-pairs as designated by the
Secretary of Transportation, service (pro-
vided with outmoded and sparse equip-
ment) was down to some 440 stations.®
Rail Classification. Rail lines are not
functionally classified as highways are, in
the categories of arterials, collectors, and
local facilities; but an approximate
equivalent is to be found in the terms
main line, secondary main, and branch
line. However, these rail terms are not pre-
cisely defined, and no time-series figures
report changes in the extent of facilities
for each category. Moreover, although the
ICC categorizes railroad firms like motor
carriers, as to size into three categories of
Class I, Class Il and Class 111, the biggest
Class | railroad may operate light-traffic-
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density branch lines as well as main lines,
while a Class Il carrier can have a high-
volume main line.%”

Weight of Rail. Rail lines can be char-
acterized as to weight of rail (measured in
pounds per yard), with heavier rail gener-
ally signifying the ability to carry heavier,
more frequent traffic. The weight category
with the largest number of miles is 130-
139 pound rail (65,856 miles, or 51.1 per-
cent of the total). Lines with relatively
lightweight rail are often branch lines. By
1992 the miles of line with weight of rail
under 100 pounds—a weight not suitable
for mainline operations—had fallen to
only about 15,000 miles (12 percent of the
total).% Only 0.4 percent of the U.S. rail
network uses the heaviest category of 150
pounds per yard of rail.

AAR Classification. The Association of
American Railroads (AAR) has established
another classification of railroads, adopt-
ing the ICC revenue category for Class |
carriers (for 1992, Class | encompasses
companies with $251.4 million or more in
revenues), but calling Class Il and Class Il
carriers as either Regional or Local.®®
Regional railroads are line-haul carriers
operating at least 350 route miles of and/or
earning revenue between $40 million and
the Class | revenue threshold. Local rail-
roads are line-hauls that fall below the
Regional criterion, plus Switching and
Terminal Railroads. (See table 2-5.) How-
ever, “miles operated” may include some
or all of the functions of main line, sec-
ondary main, and branch trackage.'®

Rail Equipment Inventory

The latest available figures for rail
locomotives and freight cars indicate that

the number of cars in operation in 1992
was about 1.17 million.This includes
18,004 diesel-electric locomotives; 168,078
boxcars; 295,728 covered hoppers; 190,896
tank cars; and 686,512 “other” cars.
Summary information is not available for
other railroad equipment (including non-
operating items such as track mainte-
nance and repair equipment) or for other
rail capital goods.

Locomotives. The number of units of
rail equipment in service for any particu-
lar year can be only a very general guide to
rail productive capacity. The number of
locomotives in service was far greater in
the immediate post-World War Il period
than at present (for example, 41,701 in
1947), but the majority of those locomo-
tives were steam powered, rather than the
more efficient diesel electric units in com-
mon use today.'%* The number of locomo-
tives in service has been falling gradually
for the past decade, but it is likely that the
newer locomotives brought on line are
capable of substantially greater output
than those being replaced.1%?

Cars. Railcars have increased produc-
tive capacity, averaging 82.4 tons of
capacity for the average car in the fleet
during 1983 and 89.3 tons in 1992.1% The
composition of the car fleet has changed
dramatically, with virtually all new cars
(and the largest portion of the entire
fleet—almost 86 percent) now being spe-
cialized, as opposed to plain boxcars.
(Table 2-7.) Specialized cars may lack
flexibility, but they are tailored to ship-
pers’ needs and more efficient to operate,
particularly in dedicated service, such as
unit trains (trains which haul a single
product). The total number of cars oper-
ated has been declining slightly year by

T A B L E pigRs)

Railroads By AAR Class: 1992

Railroad Category Number Miles Operated Revenue ($000)
Class | 12 126,237 $27,507,607
Regional 33 20,697 1,514,195
Local 464 22,730 1,242,463
TOTAL 509 169,664 $30,264,265

Note: Total figure (169,664) includes 901 miles of road operated by Class | railroads in Canada and trackage rights for operations in the U.S.; therefore, it differs from the current net
figure of 113,056.



year,%* while the proportion of cars pro-
vided by car companies and shippers has
steadily increased, to nearly 41 percent
in 1992 (versus about 29 percent in
1983).105

Passenger Equipment. Amtrak has an
inventory of 336 locomotives and 1,962
passenger train cars. The figure for cars
(and the distribution of cars by car type)
has changed very little over the past five
years, but the operating fleet of locomo-
tives has increased 13 percent since 1988,
when it totaled 298.1% By comparison,
Amtrak started operations in 1971 with
1,275 old cars, 286 diesel locomotives, and
40 electric locomotives.t07

Railroad Employment. The railroads
reported an all-time low in number of
employees in 1992, with 275,000. As re-
cently as 1980 railroads employed more
than a half-million persons, and right after
World War 11 the railroads employed 1.598
million workers.'%® By contrast, in the most
recent year reported, railroads in France,
Italy, and the United Kingdom employed a
total of 518,200 persons operating 67,022
kilometers of railroad.'°® Although the
comparison may be inexact, the three
countries operated approximately 35 per-
cent of the rail line of the U.S. with more
than 2.2 times as many employees.

It has been reported also that 29,000
persons work in railroad equipment
manufacturing,!'® and that 722 persons
are employed by the Federal Railroad Ad-
ministration (FRA) in 1992.11 Amtrak em-
ployed 24,090 workers in 1991.1'2 When
added to the 275,000 persons employed by
freight railroads, the industry reaches a
combined total of 329,000. (See table 2-6.)

Rail Carrier Services

Amtrak, which Congress established in
1970, is the primary provider of rail pas-
senger services in this country. Amtrak ini-
tiated operations in 1971, taking over
equipment and passenger facilities from
the railroads. Recently Amtrak has operat-
ed about 220 intercity trains daily, serving
stations in the Northeast Corridor and
nationwide. Amtrak trains travel on 25,000
miles of rail line, about 700 miles of which
are owned, operated, and maintained by
Amtrak.''® The remaining miles are lines
of 24 freight railroads.'4

Rail freight service is provided by 12
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TABLE IEE

Rail Transportation Employment by
Sector: 1992

Sector Estimated Employment
Railroads 275,000
Rail equipment manufacturing 29,000
Amtrak 24,000
Federal Railroad Administration 1,000
TOTAL 329,000

Class | systems, 33 regional, and 464 local
carriers.'’®> The recent trend has been
toward a few large railroads—and many
newly established small railroads—often
operating on tracks abandoned by the
Class | carriers. Those smaller railroads
perform a gathering and distribution
function, but some also carry overhead
traffic originating from or destined for
points that are beyond the territories in
which the regional or short-line railroad
is located.

The Condition of Rail Transportation

No broad-based and readily available
information can be found to indicate the
physical condition of the railroads. Track
inspections are performed by FRA and
state inspectors, and speed limits are
placed indicating safe operations for the
various lines; however, these data do not
appear to be compiled and reported in a
manner similar to the highway condition
reports on present serviceability or levels
of service rating.

On the freight side, some indication of
freight operating condition can be inferred
from improvements in rail car utilization,
as measured by average turnaround time
in days, the average figure was 18.9 days
for all freight cars in 1991, versus 20.9
days in 1986.11¢ Other indicators are aver-
age length of haul for a freight car (762.5
miles in 1992, up from 664.5 in 1986)'"
and average freight car miles operated
(26,128 miles in 1992, versus 24,414 in
1986).118

Information about railroad investment
over the years in track, structures, and
equipment is available (figures on new rail
and cross-ties laid, age of locomotives,
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annual number of new and rebuilt loco-
motives and freight cars installed in ser-
vice, and weight of rail in place),!*® but it
is not clear that such data are good indica-
tors of performance. For example, techno-
logical changes may be prolonging the
service lives of track components and
improved maintenance methods may in-
crease maintenance productivity and
reduce costs.??? Better signalization and
train control can reduce the need for
equipment investment. A firm can trade off
maintenance and investment expenditures
in track and structures (or in capital and
labor expenditures) to achieve an ever-
changing optimum mix. The amount of
new rail installed may decrease due to the
use of rail taken from unneeded double-
track lines. Heavier weight rails may be
employed, but heavy loading of unit trains
may increase. For all these and many other
reasons, an understanding of rail condition
is extremely difficult to obtain.'?

Transit

Urban transit service is provided in at
least 293 of the 373 urbanized areas in the
U.S.22 The total number of transit system
operators in all U.S. urbanized areas was
787 in 1990.'% Yet transit in its various
forms, as defined by the American Public
Transit Association (APTA),*? is far more
pervasive. It involves some 3,495 private,
nonprofit agencies that receive federal
assistance to serve elderly and disabled
persons,?® encompasses 1,600 agencies
providing rural public transportation ser-
vices,'?¢ and employs numerous forms of
transit and an extensive workforce of dri-
vers, maintenance employees, supervisors,
and others.?’

Inventory of Transit Vehicles

The most common transit vehicle is
the motor bus, but transit operators use
other rubber-tire vehicles (vans and trolley
buses, for instance), and a number of
other forms of fixed-guideway transit vehi-
cles: subways or heavy-rail transit, com-
muter rail, light-rail transit, and
automated guideway transit, cable cars,
and tramways. (See table 2-7.)

The number of U.S. transit operators

has been growing in recent years,?8
including new rapid- or heavy-rail systems
(e.g., Los Angeles Metro Red Line), light-
rail systems (streetcars such as the St.
Louis Metrolink), and commuter rail sys-
tems or services have opened throughout
the country. The largest concentration of
public transit is in New York City. The
next largest concentrations are strikingly
different in their mix: Los Angeles is near-
ly all bus service while Chicago is equally
divided among commuter railroads, rapid
rail transit, and buses. The next concentra-

TABLE IEENE

Transit Vehicles and Infrastructure: 1990

Vehicles, by type Number
Buses 52,945
Subway cars 10,325
Streetcars and cablecars 940
Commuter Rail cars 4,174
Commuter rail locomotives 404
Vans 2,412
Other (including ferryboats) 372
Rural service vehicles (primarily vans) 10,101
Vans for service to senior citizens
and persons with disabilities 20,970

TOTAL VEHICLES 102,643

Infrastructure Number
Miles of rapid rail transit track 1,744
Rapid rail transit stations 911
Rapid rail transit maintenance facilities 43
Miles of light rail track 687
Light rail maintenance facilities 18
Miles of commuter rail track 4,830
Commuter rail stations 958
Commuter rail maintenance facilities 35
Ferry boat maintenance facilities 4
Bus maintenance facilities 523
Demand-responsive service
maintenance facilities 86
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Passenger Miles of Travel of Rail and Bus Transit Systems for
Metropolitan Areas With More Than 100 Million PMT: 1991

The size of each circle represents total
passenger miles of travel by rail and bus
transit for the metropolitan area or consolidated
metropolitan area. The grey slice is for commuter
railroads, the red slice is for other rail transit, and
the white slice is for bus transit.

tions are in the Northeast, Atlanta, and the
San Francisco Bay area. (See figure 2-5.)

Transit Employment

Local transit employment in the U.S.
was estimated at 157,000 persons in 1992,
not including the 30,000 taxi employees.'?°
A broader definition of transit employ-
ment (including, among others, workers in
commuter rail, demand-responsive ser-
vice, and rural systems) suggests some
282,000 employees in 1991.%% |t appears
no estimates have been made for ancillary
employment, such as transit equipment
manufacture, although the Federal Transit
Administration (which administers federal
transit assistance) employed 485 persons
in 1993.1%1 By whichever employment
measure adopted, the number of persons
working in transit has been rising slightly
in the past few years (except in the taxi
category, which had about 20 percent
fewer employees nationally in 1992 com-
pared with 1985).1%2

Transit Services—Urban and Rural

Transit services were once supplied
primarily by private enterprise in the U.S.,
but following passage of the Urban Mass
Transportation Act of 1964, most transit
services have come to be provided by
either local governments or nonprofit
organizations.'3 Conventional rail or bus
services are usually the responsibility of a
single transit system or a purchaser of ser-
vices in each geographic area (such as a
transit authority), but a system may do
more than operate transit; often they also
contract for services with various transit
providers. One Chicago-area system is said
to have more than 80 service providers
under contract.'3*

Transit Classification. No ranking sys-
tems equivalent to the highway's functional
classification, present serviceability or level
of service ratings, are in place for transit.
Providers operate different frequencies of
service over the routes they serve (with
headway varying according to anticipated
ridership, hour of the day and day of the
week). Providers also supply different
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Bus and Paratransit Fleet Condition Characteristics

TABLE IEEER

Vehicle Type Useful Life Average Age # Over Age
(In years) (In Years)
Standard bus 12 8.2 9,011
Medium-duty Bus 10 6.7 553
Small Van 7 3.9 303
Urban Paratransit Van 4 2.8 827

equipment based on their estimates of
demand.

Transit Condition and Performance

The latest national status report on
transit for 1993 indicates that the average
age of transit buses exceeds federally rec-
ommended average usable age by between
20 and 35 percent.'® (See table 2-8.) In
addition, between 20 and 30 percent of
rail transit facilities and maintenance
yards are rated in poor condition!*® and
about half the commuter rail cars and
locomotives are rated in good condition.%’
These ratings changed little throughout
the 1980s. Transit infrastructure cate-
gories vary significantly as to the percent
in bad and poor categories.'38

The average fleet age for commuter rail
vehicles was 17.4 years in 1991; for light-
rail, 15.6 years;'®° for heavy rail, 16.9
years; and similarly measured, the fleet
motorbus average was 7.9 years.'* The
number of new transit cars purchased or
shipped has fallen a great deal in the last
several years.'#!

Ocean, Great Lakes, and
Inland Waterway
Transportation

Water transportation includes domes-
tic movements on the inland waterways,
the Great Lakes, and along the coasts, as
well as between the contiguous 48 states
and Alaska, Hawaii, Guam, Puerto Rico,
and the Virgin Islands. Water transport
also encompasses international ocean

shipping, which moves from coastal and
Great Lakes ports of the U.S. in interna-
tional trade. The inventory of water trans-
portation facilities is extensive,
encompassing harbors and ports, chan-
nels, navigation facilities, piers, wharves,
cargo handling equipment, locks and
dams, and storage facilities, as well as
ships, barges, tugboats, and smaller ves-
sels. (See figures 2-6 and 2-7.)

Vessel Inventory

Great Lakes Fleet. The U.S. Great
Lakes Fleet of self-propelled vessels (1,000
gross tons and over) consisted of 78 ves-
sels in 1989, almost all of which (69) were
self-unloading or bulk carriers. These
included three tankers and six ferries
(which transport rail cars and highway
vehicles as well as passengers).*? Shipping
services on the Great Lakes are not sup-
plied solely by these 78 vessels, which are
specifically configured and dedicated as
Lakers to effectively meet the demands of
the U.S. laker trade. In addition to the U.S.
fleet, the Canadian Laker fleet as well as
ocean vessels representing some forty for-
eign flags of registry operate among all the
Great Lakes and through the St. Lawrence
Seaway, serving U.S., Canadian, and over-
seas markets.

Inland Waterways. The inland water-
way fleet consists of towboats/tugboats,
dry cargo barges, and tank or liquid cargo
barges. In 1990, there were 27,091 dry
cargo barges, 3,913 tank barges and 5,218
towboats/tugs.’*®* From 1950 to 1989, the
number of dry cargo barges increased 139
percent, while their capacity grew 385 per-
cent. Over the same period the number, as
well as the capacity, of tank barges nearly
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The Inland Waterway System

doubled, yielding a three-fold total capaci-
ty increase (307 percent). Finally, over this
same period, the number of towboats/tugs
rose 29 percent, average horsepower per tug
went up 286 percent and total fleet horse-
power increased four times (402 percent).144

These figures for U.S. inland water-
craft, exclusive of the Great Lakes, totaled
36,222 in 1990. In contrast, the European
countries with the greatest numbers of
craft in service and major inland waterway
activity, had considerably lower figures in
1990: Belgium, 1,942; France, 3,293;
Germany, 3,077; and the Netherlands,
6,998.145

Deep Sea Shipping. Ocean carriage
takes place along the U.S. coasts, between
mainland ports and Alaska, Hawaii,
Guam, Puerto Rico, and the Virgin
Islands, and internationally throughout
the world. Three main types of trade exist:
general cargo carriage undertaken by
scheduled freighters—Iliner vessels and
container ships—both usually operating as
common carriers;
dry-bulk movements in specialized ships

)

transporting coal, grains, minerals, and
fertilizer under contract or in common
carriage; and
liquid-bulk shipping using common- or
contract-carriage tankers and tank barges.

The U.S.-flag fleet of commercial size
(1,000 gross tons and over) contained 394
privately owned ships in 1992, consisting
of 201 tankers, 23 bulk carriers, 167
freighters and 3 combination passenger/
cargo vessels. There are also 225 govern-
ment-owned merchant ships (192
freighters)—most of which are inactive—
laid up at national defense reserve fleet
sites.?*6 Other government ships are in use
by government agencies or by state mar-
itime academies. 4

The private fleet was measured at 12.7
million gross tons (19.7 million deadweight
tons), or some 3 percent of the world’s
total of 397.2 million gross tons.'*® Clearly
the U.S. fleet, ranking 10th in the world, is
not a major factor in international com-
merce. However, many of the ships regis-
tered in those countries with far larger
fleets—such as Liberia (first in the world
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U.S. Oceanborne Foreign Trade Routes

with 52.6 million gross tons), Panama
(second in the world), Cyprus, the
Bahamas, and British Dependent Terri-
tories—are believed to be owned by U.S.
nationals or U.S.-owned firms.**° Ships reg-
istered under such flags-of-convenience
operate under a variety of more advanta-
geous circumstances regarding vehicle
operating and capital costs than do U.S.-
flag carriers.1%°

Private U.S. ships are relatively more
important among freighter fleets, particularly
in the container trade (with 92 container-
ships, 52 partial containerships, 50 roll-
on/roll-off vessels, and 19 barge carriers),>!
ranking sixth in the world (after Panama,
China, Liberia, Cyprus, and Germany).%?
The U.S. rank is 29th in bulk carrier fleets,
but sixth in tanker fleets (201 of the 5,542
ships—4 percent—and 7.7 million of the
153.3 million gross tons—5 percent).153

These several U.S.-fleet rankings are
likely to fall in relation to other fleets,
however, because U.S. vessels are not
being augmented by new purchases. In
1991, another 601 ships were added to
the world fleet, increasing it by 1.8 mil-
lion dead-weight tons. No new ships were
added to the U.S. fleet.!® In the past ten

years, the private U.S. fleet has decreased
31.4 percent in number of ships and 8.2
percent in dead-weight tons.

Other Vessels. The supply of vessels
using ports and harbors, lakes and water-
ways is more extensive and more varied
than has been described above. There are
ocean going ocean-port-operated tugs and
workboats (totaling 1,752 in 1989), and
there are ocean-going dry cargo and tank
barges (4,365 in 1989).1% The U.S. had
some 16 million recreational craft in 1990:
75,000 motorboats and 36,000 craft more
than 5 tons operating as fishing vessels.1%¢
While these vessels may not place the
same demands on infrastructure and
maintenance as deep-sea ships or barge
operations, clearly their operations affect
the facilities provided, their condition and
their performance.

Inventory of Ports, Waterways, and
Navigation Facilities

Great Lakes Harbors. There are 96
commercial harbors on the Great Lakes in
the territorial waters of the United States.
Nineteen of these are private harbors, and
have been constructed, and are operated



and maintained, by private entities. The
other 77 are federal harbors, with con-
struction, operation and maintenance by
the federal government. The Great Lakes
harbors can be characterized according to
operating depth; 36 of which are less than
20 feet in depth and therefore can only
handle less than 1 percent of all freight
transported on the Lakes. The top three
commercial harbors in order of freight ton-
nage handled in 1989 were Duluth-
Superior, Chicago, and Detroit. The
top-ranked private harbor in 1989 was
Calcite, Michigan, which ranked eleventh
among all harbors on the Lakes.*”
Connecting Great Lakes Channels.
While important Great Lakes bulk-ship-
ping operations take place solely within
one or another of the Lakes, the longer-dis-
tance hauls from one lake to another and
those with a trans-Atlantic terminus,
require the use of connecting channels.
Most of these are man-made or maintained
through dredging and systems of locks.
Moving from west to east, the St. Mary's
River connects Lake Superior and Lake
Huron, and contains the St. Mary’s Falls
Canal with four U.S. locks and one
Canadian lock (the Soo Locks) handling
the 20-foot drop from Superior to Huron.
Lakes Michigan and Huron are connected
by the Straits of Mackinac, which requires
no locks and offers no constraint to ships
except at two locations, Round Island
Passage and the Poe Reef Shoal, where
channel depth is 30 feet. Lakes Huron and
Erie are connected by the St. Clair-Detroit
River system, with a drop of eight feet;
except for some dredging, this system is
not a constraint to navigation between the
two lakes. Lakes Erie and Ontario are con-
nected by the Niagara River—with a 326-
foot drop managed by the Welland Canal
(the commercial link, situated entirely
within Canada, and with eight locks) and
the Black Rock Lock (connecting with the
New York State Barge Canal—the current
version of the Erie Canal—handling pri-
marily recreational boating). Finally, the
St. Lawrence Seaway spans 182 miles from
Lake Ontario to Montreal, where the St.
Lawrence River then runs an additional
340 miles to its mouth at Father Point, and
the Gulf of St. Lawrence extends a final
more than-700 miles to connect with the
Atlantic. The Canadian government main-
tains a minimum navigable depth of 35
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feet in the thousand-mile stretch of water
from the open Atlantic. The Seaway has
five subsections, three solely within
Canadian waters and the other two in
international boundary waters. The
Seaway's seven locks permit ships to rise
some 225 feet to Ontario.*58

Inland and Intracoastal Waterways.
In addition to the Great Lakes portion,
the U.S. waterways system consists of
three geographic groupings of waterways.
The Mississippi River and its tributaries,
and the Gulf Intracoastal Waterway and
the rivers that intersect it, are an inter-
connected network that accounts for
about 86 percent of the route length of the
overall system. The Atlantic Intracoastal
Waterway (linking ports from Miami to
Norfolk, as an alternative to deep-draft
coastal navigation) is the second largest
system, with some 11 percent of all sys-
tem mileage. The Columbia-Snake Rivers
System is the shortest system, linking
deep-water ports on the Columbia with
inland Washington, Oregon and ldaho
ports. The commercially active portion
contains 10,673 miles with 168 lock sites
and 211 lock chambers.**® The overall sys-
tem (including many other more minor
waterways) totals more than 25,000 com-
mercially navigable miles.6°

Navigation Facilities. The Coast
Guard operates the Aids to Navigation
System (buoys and light houses) through-
out the U.S., and eight vessel traffic service
systems (VTS) at selected ports, akin to the
air traffic control system. VTS monitors
vessel traffic and navigation hazards
through remote sensors and radio commu-
nication with vessels. The information and
advisories provided help prevent collisions,
grounding and other accidents. Of particu-
lar concern are hazardous material spills,
but the estimated costs of emergency
response to vehicle accidents, vessel dam-
age and human deaths, and damage to
bridges are also high.'%! Current VTS capa-
bilities are not viewed as adequate. Some
23 port zones (encompassing 82 major
U.S. ports and their adjacent bays, rivers,
seaward approaches and other bodies of
water) were analyzed by DOT's National
Transportation Systems Center in a 1992
Port Needs Study. Seven of these zones
were recommended for initial considera-
tion in establishing or improving VTS sys-
tems. The investment required for these
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and other VTS improvements has been
estimated by the U.S. Coast Guard to equal
$145 million through fiscal year 2001.162

Shallow-Draft Ports on Inland and
Intracoastal Waterways. There are 17
major shallow-draft inland waterway
ports, each with more than a million tons
of commerce annually. Seven of the 17 are
located along the Mississippi River, five
are on the Ohio, and the remaining five
are on the Missouri, Cumberland, and
Tennessee rivers and on the Gulf Intra-
coastal Waterway.'63

Various surveys and reports suggest
some 2,100 bulk cargo docks or terminals
exist along the major waterways. These
include 1,350 dry bulk docks for general
cargo, forest products, building materials
and unitized cargo total around 500.
Average dock length is 500 to 700 feet (2.5
to 3.5 barge lengths), except for major coal
terminals which average some 1,900 feet.
Storage is present at about 70 percent of
the docks.164

Coastal Ports and Harbors. The U.S.
has 75 key ocean ports and port authori-
ties, which may operate more than one
port. The top five, as measured by capital
expenditures in the 1979-1989 period
were: Los Angeles; Long Beach; the Port
Authority of New York and New Jersey;
the Maryland Port Administration; and
Oakland.*%®> These port entities can be mul-
tistate and/or multicity regional or local
authorities, departments of city or county
government, and departments of state gov-
ernment (or of commonwealth or territori-
al government). In any event, they have a
wide variety of responsibilities (in water-
borne commerce, warehousing and distri-
bution; in other modes of transportation;
and in other government and commercial
activities). No aggregate description of
their facilities and resources appears to
exist, but extensive information about port
commodity flows from major to minor
ports is reported in a later chapter.

Water Carriage

Barge Operators. The ICC’'s most
recent annual report indicates there were
360 water carrier companies in 1992.166
The number of carriers has increased
greatly in recent years, from 82 in 1970
and 1980, to 327 in 1990.67

Ocean Shipping. There were six mar-

itime carriers in 1991, however, in con-
trast with the rising trend in number of
barge operators, the number of U.S.-flag
maritime operators has fallen. Inter-
national ocean commerce is dominated by
conferences of operators from many
countries, but the various ocean trades or
markets (North Atlantic, Transpacific,
etc.) have quite limited competition
among the conferences that serve them.8
Coastal trade (and trade to Alaska,
Hawaii, and U.S. commerce within the
Great Lakes, as well as certain agricultur-
al and foreign-aid shipments) is limited to
vessels approved to carry shipments
under the Jones Act (the U.S. cabotage
law). Foreign-flag competition is not
allowed. About half the U.S. -flag fleet has
unrestricted domestic trading privileges
to supply these domestic markets.1%°

The Condition of Water Transportation

Great Lakes. The Great Lakes fleet is
relatively old, with 15 of the 69 bulk carri-
ers exceeding 50 years of age and 47 of the
78 vessels in use more than 30 years old.
However, it should be noted that fresh-
water ships do not weather as rapidly as
those in ocean trades. Moreover, one
source states:

The U.S. Great Lakes fleet is
modern and efficient. The strength

of the fleet lies in the 13 Class 10

vessels, which can carry bulk car-

goes long distance on the upper four

Great Lakes very economically, as

well as the large number of self-

unloading vessels of all sizes

....[L]arge numbers of old lake ves-

sels have been scrapped since 1980,

while the average size of cargo ship-

ments has increased greatly.*’®

As to locks, ports, and harbors serving
Great Lakes and Seaway traffic, while
annual expenditure information for opera-
tions, maintenance and facility investment
may be available, data on the physical con-
dition of facilities, on the depreciated value
of these investments, and on the replace-
ment value do not appear readily at hand.
However, studies of investment needs have
been performed (as with other modes). For
example, a replacement lock at Sault Ste.
Marie, Michigan, was estimated in 1991 to
cost $280 million, but, overall conditions
and investment figures for the entire sys-



tem could not be located.'’* Even if facility
conditions were to be considered satisfac-
tory, and although vessels may be viewed
as modern and efficient, the relative role of
Great Lakes shipping has been declining
for a number of decades.

Inland Waterways. As of 1992, 85 of
the 211 lock chambers on the commercial-
ly active waterways were considered
aged—over 50 years old. Even with pro-
jected replacements, 85 lock chambers are
still expected to be over 50-years-old by
the year 2000. The median age of all
chambers is about 35 years.17?

Waterway system performance is
affected by lock age and capacity, but also
by processing and delay time, traffic char-
acteristics and congestion, and by water
levels—as a result of drought and flood
periods. While the waterways, more than
most transport systems, define and mea-
sure these elements of performance, no
overall, system-wide measure of perfor-
mance is produced. Rather, a Performance
Monitoring System provides rankings of
locks based on average delay, total delay
time, average processing time, total down
time, total stall events, and lock traffic.1”®
No dollar measure is calculated of the cost
to users of performance deficiencies.

Barge capacity, towboat/tug power, and
the number of barges in a tow have been
rising. The average age of medium-horse-
power towboats operating in the
Mississippi-Gulf Intracoastal region in 1988
was 17 to 22 years. These comprised 24
percent of the fleet (770 boats) and 42 per-
cent of the horsepower operating on that
system. High horsepower boats (7 percent
of the fleet—54 boats—with 30 percent of
the horsepower) averaged 13 years.'’*

Ocean Ports and Deep-Sea Shipping.
No port conditions information appears
to be available on a national level. Data
about delays or congestion are absent,
and no overall performance measures
have been established. Ship age and con-
dition information are available and sug-
gest that the U.S.-flag fleet is aging
without replacement.

Pipeline Transportation

There are two primary categories of
pipelines—oil and gas. Oil pipelines trans-
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TABLE IEECR

Water Transportation Employment

Sector

No. of Employed (est.)

Ships, Boat Building and Repairing 177,700
Total Water Transportation 173,400
Corps of Engineers
Operations and maintenance 2,750
Oversight of construction and
system administration 2,500
Maritime Administration 1,146
Saint Lawrence Seaway Development Corporation 174
U.S. Coast Guard (civilian employment) 6,412
TOTAL 370,500

port crude petroleum and various petrole-
um products—gas pipelines move natural
gases and liquefied petroleum gases. Oil
pipelines comprise: gathering lines, eight
inches or less in diameter which carry
crude oil from wellheads to storage tanks;
trunk lines, averaging 12 inches in diame-
ter, which move oil from production areas
and import terminals to refineries; and
petroleum product lines, moving gasoline
and other products from refineries to mar-
keting terminals.'”® Gas pipelines similarly
include: field and gathering lines of 2 to 4
inches in diameter moving natural gas
from the wellhead to field processing;
transmission lines, 24 to 36 inches in
diameter, to move gas from the produc-
tion field to local distribution or storage
facilities; and distribution lines, two to six
inches in diameter, to take gas to the final
user.

Inventory of Pipelines and Terminals

Oil Pipelines. Almost 204,000 statute
miles of oil pipelines were in operation in
1991, a decline from the nearly 219,000
miles operated in 1970. About 66,000
miles are trunk lines, 50,000 miles are cat-
egorized as gathering lines, and the
remaining 88,000 miles are product
pipelines. The relative proportion of prod-
uct lines to crude oil lines (both trunk and
gathering) has grown over the years, from
33 percent in 1970, to 41 percent in 1980,
and to 43 percent in 1991.176
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Natural Gas Pipelines. The extent of
the oil pipeline system has been steady or
contracting for the past two decades,
while in contrast, natural gas pipelines
had 16,000 more miles of transmission
line in 1991 than in 1980, and 157,000
more mile of distribution line. Gas
pipeline mileage is more extensive than
that of oil pipelines, and the systems are
growing in extent rather than contracting.
(See table 2-10.) There were about 282,000
miles of gas transmission pipelines in
1991 in addition to more than 857,000
miles of distribution pipeline. The three-
to-one ratio of distribution lines to trans-
mission lines has also been growing (from
2.62 in 1980, to 2.99 in 1990, to 3.04 in
1991), most likely as a reflection of the
further suburbanization of America and
population shifts to the West and the
Southeast, areas of relatively heavy
consumption of natural gas energy requir-
ing extended distribution systems.””

Pipeline Employment

Oil pipeline employment was estimat-
ed at 19,000 in 1992, a figure that has
been roughly static for the past 30 years.'’8
The number of persons employed by gas
pipelines, in the production of pipeline
equipment, and the number of govern-
ment safety and economic regulators, is
not reported separately, but the oil pipe-
line employment figure includes persons
involved in petroleum production and dis-
tribution.

Pipeline Carriers

Natural Gas. In 1991 there were 44
major gas pipeline companies regulated by
the Federal Energy Regulatory Commission
(FERC) filing full annual reports.'”® In total,
there are 125 gas pipeline operators.18°

The Condition of Pipeline
Transportation

The pipeline system is aging and while
data are unavailable, concern has been
expressed over the effects of corrosion and
erosion of the pipe over time, which reduce
its ability to support stress and higher pres-
sures. However, pipelines are long-lived cap-
ital assets, and only the oldest facilities are
likely to be at major risk. Some 19 percent of

natural gas pipelines were built before 1950,
while most of the liquid product lines were
built after 1950 (and product lines account
for more than half the pipelines). Moreover,
preventive efforts such as frequent monitor-
ing, corrosion control programs, and selec-
tive rehabilitation or replacement can be
taken to offset the effects of aging.!8!

Intermodal Transportation

Clearly, terminal facilities such as
airports and seaports, among others, are
intermodal—for passengers and freight.
A good portion of the stock of transport
equipment has intermodal use, e.g.,
truck-tractors, while other parts of
transportation fleets are specifically ded-
icated to intermodal operation, e.g.,
double-stack rail cars. Transportation
employees work with intermodal ship-
ments, sometimes interchangeably with
shipments that utilize a single mode.
However, one element of intermodal
equipment that is dedicated in use, and
for which statistics are gathered, is the
ocean container.

The Maritime Administration has pro-
duced an Inventory of American Inter-
modal Equipment on an occasional basis
since 1971. Container inventory data are
published for January 1, 1990. The data
cover the intermodal equipment of 10
U.S.-flag marine carriers and 12 leasing
companies operating in the United States.
The information also includes shipborne
barges, Roll on/Roll off trailers, and con-
tainer chassis. Although the data for this
rapidly changing portion of the trans-
portation system are neither current, nor
complete, they are quite detailed by size of
container (from 5-to-10 foot, up to 53-
foot) and by container type (dry van,
refrigerated, garment, open top, tank, plat-
form, etc.). There were 1.7 million con-
tainers in 1990, totaling 2.4 million 20-foot
container equivalents (TEUs).1® Similar
information about the stock of ocean con-
tainers does not appear readily available
for other countries, although data about
international movements of TEUs do seem
to be.18 Key summary information about
the inventory follows.

U.S.-flag carriers own 13 percent of the
containers and leasing companies own the



remaining 87 percent. Carriers prefer 40-
foot containers while leasing companies
prefer 20-foot ones.'8*

The Transportation Network:
What More We Need to Know

Transportation data that present the
physical situation in the several modes—
network, vehicles, etc.—are more com-
plete as a general matter and extend over a
longer period for the modes that can claim
extensive and long-term federal govern-
ment interest. Highway data, in particular,
are full and comprehensive, but even in
the case of highways, gaps exist. Bridge
and highway data have been maintained
separately until recently, and information
about these facilities needs to be merged
in order to provide condition data for
managing complete systems. The extent of
private roads and streets is unknown; yet
financing through subdevelopment and
the requirement on the private developer
to provide facilities and for the homeown-
ers association to maintain the facilities,
means the growth of more private systems
is likely. Private toll roads are being
planned and built in Orange County,
California and elsewhere, and data about
these facilities, their traffic, and their costs
need to be entered. In general, the invento-
ries of modes that are primarily in private
hands (including those subject to reduced
economic regulation for the past decade
and a half) are less fully tracked, and
information is becoming more scanty with
every passing year.

The least understood major modes of
transportation in terms of extent, number
of providers, and status of physical infra-
structure are railroads, buses, and taxi-
cabs. Railroads are private companies, and
are reluctant to share information on the
condition of their physical plant that might
give competitors an advantage in the mar-
ketplace. The bus industry is difficult to
measure—even for simple characteristics
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the industry contains a large and volatile
number of operators who are regulated
only at the local level.

For highways, as well as other freight
and passenger modes, terminal location,
throughput, and condition information is
often missing. Highway terminals could be
a focus for investment analysis for funding
under the Intermodal Surface Trans-
portation Efficiency Act, (ISTEA) of
1991,%85 put their very existence—let alone
information needed to permit develop-
ment of hierarchical project reviews—is
not recorded on a national grid.

Other modes, the subject of more
recent nation attention, have less than full
data bases. Bicycle inventory information,
for example, is not kept by federal or state
authorities. The condition of the bicycle
inventory, or of the bikeway inventory for
that matter, is not even defined.

Intermodal data are not readily found.
For example, how many vehicles are used
in airport ground transportation service,
and what types of service are available?
Although individual airports may keep
some of these data, no national compila-
tion is made.

Data on the condition of the infrastruc-
ture and the vehicles of many modes are
missing or inadequate. Capital conditions
are poorly described, and the condition of
the human capital is rarely even discussed
let alone measured. Port capital needs fig-
ures are to be found, but measures of the
condition of current facilities are not.
Some of the government capital, such as
navigation equipment, has no easily
defined index of condition, so the need for
replacement or upgrading is difficult to
ascertain.

Finally, U.S. transportation facilities
are not entirely self-contained, and

T A B L E IEESH

Oil and Gas Pipeline Extent in the U.S.:

1980 to 1991

. X 3 Year Mileage of Pipelines

like the number of service providers— Oil lines Gas lines

because the industry is scattered among a Crude Product Transmission  Distribution
rs, charter

large nu_mber of local opfara'go S, charte 1980 129,791 225,600 262,200 700,100

companies, and school districts that are

not covered by the programs of the Federal =~ 1990 118,799 249,300 276,900 836,700

Transit Administration. The extent of taxi- 1991 115860 242,300 278,300 857,400

cab operations is hard to identify because



TIUWHIOPUT LWULIVET DIULIOLIVY MU HTUUE T\UPUIL LU vT

F1c URE IEEER

Intermodal Network - The American President Lines Example

Nsingkang

Kathmandu

Karachi New Delhi

Bor Calcutta

.o
mizdy |

Fujairah

ia.@
New York

international connections data are sparse.
(See figure 2-8.) Land connection condi-
tions for highway, pipeline and rail are
missing; in addition, air and water service
interconnection information needs to be
provided, particularly with the recent
large increases in trade occurring and
anticipated among North American coun-
tries.

Better information on the extent
and location of the transportation sys-
tem is needed so that we know where
its benefits and costs are accruing, and
can understand this system in which
we are so heavily invested. This knowl-
edge will allow intelligent use of the
system in normal times as well as in
times of crisis.
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which suggest 1.1 full-time employees
per school bus. Were the lower estimate
of 1.1 persons per vehicle to apply to pri-
vate bus employers, the number of
employees would be estimated at 303,000
rather than at the 139,000 presented in
the above table.

U.S. Department of Transportation,
National Transportation Statistics, Annual
Report, 1993, op. cit. 19.

Some 4,016 full-time equivalents in
September 1993; tabulation by Strategic
Planning and Systems Division, Office of
the Secretary, U.S. Department of
Transportation, 1993.

The civilian labor force was 116,877,000 in
1991. Frank A. Smith, op. cit., 61.

National Transportation Strategic Planning
Study, op. cit., 10-6.

Frank A. Smith, op. cit., 47.

Patricia S. Hu and Jennifer Young,
Nationwide Personal Transportation
Survey, Summary of Travel Trends, (Wash-
ington, D.C.: U.S. Department of Trans-
portation), 23, 40.

ICC 92, Interstate Commerce Commission
1992 Annual Report, op. cit., 127.
Truckload carriers do not need to main-
tain the extensive terminal facilities that
LTL carriers require. TL carriers can also
specialize in market segments and geo-
graphic coverage.

The ICC does believe, however, that the
motor carrier industry is intensely com-
petitive and that figures showing a great
deal of entry by new carriers since deregu-
lation under the Motor Carrier Act of 1980
even understate the substantial extent of
competition, due to such comparatively
recent changes as the development of con-
tract, 48-state, and brokerage authorities.
ICC, Interstate Commerce Commission

42.

43.

44.

45.

46.

47.

48.
49.
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1992 Annual Report, op. cit., 53.

National Transportation Statistics, Annual
Report, 1993, op. cit., 26.

ICC 92, Interstate Commerce Commission
1992 Annual Report, op. cit., 127. Although
intercity bus operators may carry primarily
passengers—in scheduled service or in
charter operation—they also transport
freight packages.

Greyhound purchased Trailways in 1987,
and the firm now dominates the industry
with 75 percent of revenues and 43 per-
cent of passengers. U.S. General Ac-
counting Office, Federal and State Efforts to
Support Declining Intercity Bus Service
(Washington, D.C.: U.S. General Ac-
counting Office, 1993), 3.

ICC 92, Interstate Commerce Commission
1992 Annual Report, op. cit., 53.

Many businesses maintain their own pri-
vate trucking fleets—or operate trucks
under lease arrangements (which may
include leasing of vehicles, drivers, and—
indeed—management of the trucking
operation). Besides moving the products
or inputs of the business (and affiliated
businesses), these private carriers may
also transport goods for hire.

Frank A. Smith, op. cit., 46. The statistics
are not entirely clear as to whether nonreg-
ulated carriage is equivalent to private car-
riage, but it appears reasonable to assume
an equivalency in the majority of cases.
Private truck carriage does appear to have
somewhat different aggregate operating
characteristics than does the for-hire seg-
ment of trucking, although both operate
identical equipment in many instances.
For example, private carriage operates
shorter distances or smaller loads than for-
hire trucking, as suggested by the intercity
ton-mile figures: 11.4 percent of all interci-
ty ton-miles are produced by ICC-regulated
trucks and 15.8 percent by non-ICC trucks.
(The ton-mile is an output measure, of a
ton of cargo transported a mile.)

Frank A. Smith, op. cit., 61.

However, it should not be assumed that
current highway condition measures find
universal acceptance [for example, see
U.S. General Accounting Office, Bridge
Condition Assessment, Inaccurate Data
May Cause Inequities in the Apportionment
of Federal-Aid Funds (Washington, D.C.:
U.S. General Accounting Office, 1988)],
nor that the application of condition mea-
sures to signal investment needs is non-
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50.

51.

52.

53.

54.

55.
56.

57.

58.

50.

60.

controversial.

Status of the Nation’s Highways, Bridges,
and Transit, op. cit., 89.

Op. cit., 119. Functional adequacy involves
land and shoulder width and vertical
clearance which need to be sufficient to
accommodate the traffic demand.

A structurally deficient bridge is defined
as a bridge that is not capable of accom-
modating the loads expected of a structure
on the highway system of which the
bridge is a part.

Status of the Nation’s Highways, Bridges,
and Transit, op. cit., 5.

There has been a substantial increase of
more than one-third in heavy truck sales
in the first three quarters of 1993 com-
pared with 1992. John D. Schulz.
“Sustained Boom in Truck Equipment
Good News for Shippers and Manu-
facturers,” Traffic World, vol. 236, No. 7
(November 15, 1993), 46, 49.

Highway Statistics, 1991,0p. cit., 202, 212.
U.S. Federal Highway Administration, Our
Nation’s Highways, Selected Facts and
Figures, Washington, D.C.: U.S. Depart-
ment of Transportation, 1992, 18. The age
of pickup trucks and vans averages slightly
older—7.8 years in 1983 versus 6.7 years
for cars, and 8.0 years in 1990 compared
with 7.6 for autos. See Patricia S. Hu and
Jennifer Young, op. cit., 26. However, new
car sales and truck sales appear to be up
in 1993. See Robert L. Rose, “Truck
Makers Leave Sales Slump in Rear-View
Mirror,” Wall Street Journal (November 16,
1993), B4.

A figure given for driver training costs is
$30,000. Seating Every Truck, Traffic
World, Vol. 236, No. 5 (November 1,
1993), 31.

See Transportation Professionals, Future
Needs and Opportunities. Transportation
Research Board Special Report 207
(Washington, D.C.: National Research
Council, 1985).

Transportation in an Aging Society,
Improving Mobility and Safety for Older
Persons. Transportation Research Board
Special Report 218, Vols. 1 and 2
(Washington, D.C.: National Research
Council, 1988).

Federal Aviation Administration (FAA),
U.S. Department of Transportation, FAA
Statistical Handbook of Aviation, Calendar
Year 1990 (Washington, D.C.: GPO, 1992),
3-3 for 1990, and U.S. Department of

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

77.

78.

Transportation, FAA Statistical Handbook
of Aviation, Calendar Year 1989
(Washington, D.C.: U.S. Department of
Transportation, n.d.), 3-3 for 1980.

NPIAS is a federal plan produced by the
Federal Aviation Administration contain-
ing improvement recommendations for
the nation’s airport.

U.S. Department of Transportation,
National Plan of Integrated Airport Systems
(NPIAS), 1990-1999 (Washington, D.C.:
GPO, 1991), 1.

Calculated from FAA Statistical Handbook
of Aviation, Calendar Year 1990, op. cit., 3-3.
National Plan of Integrated Airport
Systems, op. cit., 1.

National Transportation Strategic Planning
Study, op. cit., 6-10.

National Transportation Strategic Planning
Study, op. cit., 11-1; National Plan of
Integrated Airport Systems, op. cit., 1.
National Plan of Integrated Airport
Systems, op. cit., 3, 4.

U.S. Department of Transportation,
National Transportation Strategic Planning
Study, op. cit., 11-2.

FAA Statistical Handbook of Aviation,
Calendar for 1991. (1993)

Low altitude means below 18,000 feet,
while high-altitude routes extend from
18,000 to 25,000 feet.

Twenty-six of these towers are operated by
nongovernment controllers under contract
to the FAA. There are also 188 terminal
radar approach control (TRACON) facili-
ties, with controllers to monitor airspace
surrounding the busier airports. FAA, Air
traffic Fact Book, May 1993, and FAA staff,
December 20, 1993.

National Transportation Strategic Planning
Study, op. cit., 11-4—11-5.

U.S. Department of Transportation, Census
U.S. Civil Aircraft, Calendar Year 1991
(Washington, D.C.: GPO, 1992), 1-4. There
are perhaps 20,700 military planes, as
reported for 1987. U.S. Department of
Transportation, National Transportation
Strategic Planning Study, op. cit., 11-7.
National Transportation Statistics, FAA
Staff, December 20, 1993..

Frank A. Smith, op. cit., 63.

Census U.S. Civil Aircraft, Calendar Year
1991, op. cit., 2-10.

Census U.S. Civil Aircraft, Calendar Year
1991, op. cit., 2-12.

Of these, 129,000 were student certifi-
cates; 108,000 were airline transport cer-



79.
80.
81.

82.

83.

84.

85.

tificates instrument rated). FAA Statistical
Handbook of Aviation, Calendar Year 1990,
op. cit., 7-3, 7-12. The total included
28,000 pilots located outside the U.S. FAA
Statistical Handbook of Aviation, Calendar
Year 1990, op. cit., 7-6.

Ibid.

Frank A. Smith, op. cit., 61, 62.

Full-time equivalent employment in
September 1993. Tabulation by Strategic
Planning and Systems Division, Office of
the Secretary, U.S. Department of
Transportation, 1993.

Not including aircraft and parts manufac-
turing—617,000 in 1992 and such other
employees as those who work for and at
airports, Frank Smith, op. cit., 61.

National Transportation Statistics, op. cit.,
12 and National Transportation Strategic
Planning Study. op. cit., 11-6.

The latest available issue of the National
Plan for Integrated Airport Systems
(NPIAS) (1991) states that the factors to
be considered in a condition and perfor-
mance system would be “. . . safety, capaci-
ty, conformity to FAA design standards,
condition of facilities, ability to accommo-
date forecasted growth, and compatibility
of land uses in the surrounding area.” [p.
13] Data presently available and pub-
lished, though, are primarily about delay
and runway pavement condition, although
some qualitative information on aircraft
noise and safety is presented in the
NPIAS. Capacity and delay are not partic-
ularly easy to define, measure, and man-
age in air transportation. See Airport
System Capacity, Strategic Choices. Special
Report 226 (Washington, D.C.: Trans-
portation Research Board, National
Research Council, 1990), 12-16. The FAA
has been criticized for being slow to devel-
op performance measures. See U.S.
General Accounting Office, Airport
Improvement Program, Opportunity to
Consider FAA’s Role in Meeting Airport
System Needs (Washington, D.C.: U.S.
General Accounting Office, 1993), 6, 10.
There are three FAA traffic delay systems.
One uses the Air Traffic Operations
Management System, recording daily the
number of flights delayed 15 minutes or
more and the cause of delay. A second sys-
tem is maintained elsewhere within the
U.S. Department of Transportation to
advise consumers monthly of the number
of times each flight is 15 minutes or more

86.

87.

88.

89.

90.

91.

92.
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behind schedule. A third is called the
Standardized Delay Reporting System and
uses reports from three major airlines
about the delay encountered in four phas-
es of flight, where the definition of delay is
the difference between actual flight time
and what might have been achieved in the
absence of other aircraft in the system or
problems with equipment outages or
severe weather. See U.S. Department of
Transportation, National Plan for Inte-
grated Airport Systems, op. cit., 13. The
FAA reports that it “. . . is developing an
improved aircraft delay data system to
provide a single, integrated source of data
to answer most analytical questions about
delay at a detailed level.” Ibid. Delay infor-
mation is used to analyze airport conges-
tion, and leads to the finding that in 1988,
twenty-seven of the nation’s busiest air-
ports experienced average delay exceeding
7 minutes per operation. U.S. Department
of Transportation, op. cit., 14.

Building new airports to reduce delay (as
opposed to improving current facilities)
does not appear to be a very acceptable
option, certainly not for the near future.
Airport System Capacity, Strategic Choices,
op. cit,, 12.

National Plan for Integrated Airport
Systems, op. cit., 19.

The FAA rules include “Structural
Maintenance Program General Guidelines.”
See Paul Page, “Cargo carriers concerned
that rules on aging planes will spur life-
span limits,” Traffic World, Vol. 236, No. 4
(October 25, 1993), 21.

“FAA official warns of tougher noise
demands beyond stage 3,” Traffic World,
Vol. 236, No. 4 (October 25, 1993), 25.
Fred Bayles, “As pilots retire, airlines will
be winging it,” Chicago Tribune (October
31, 1993), Section 17, Transportation, 1, 5.
In addition, some private rail services exist
(such as the in-plant trackage of steel
mills) as do some U.S. Department of
Defense lines. The Defense Department
has designated 33,000 miles of civil lines
and an additional 5,000 miles of connector
lines as being within a Strategic Rail
Corridor Network (STRACNET). See U.S.
Department of Transportation, National
Transportation Strategic Planning Study
(Washington, D.C.: GPO, 1990), 16-3.

The high point was in 1929, with 229,530
miles of railroad in operation, and as
recently as 1970 the system comprised
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93.

94.

95.

96.

97.

98.
99.

100.

101.

102.

103.
104.

105.

206,265 miles of road, with 366,332 miles
of track. Note that miles of track owned dif-
fers from miles of road by including multi-
ple main tracks, yard tracks, and sidings.
Association of American Railroads, Railroad
Facts Washington, D.C.: Association of
American Railroads, 1993), 44.

Ibid. Miles of track in 1992 totaled
190,691. From 1970 to 1992 the road miles
declined 45 percent while the miles of
track fell 48 percent, making the decline in
double trackage, yards and sidings slightly
greater than the decline in rail main-lines,
secondary mains, and branch-lines.
National Railroad Passenger Annual Report
1992 (Washington, D.C.: Amtrak Public
Affairs Office [1993]), 17.

Background on Amtrak (Washington, D.C.:
National Railroad Passenger Corporation,
1977), 27.

Or in the petroleum pipeline equivalent of
gathering lines, trunk lines and product
lines—or the gas pipeline categories of
field and gathering, transmission, and dis-
tribution main-lines.

Size is measured by operating revenue of
the firms in the industry.

Railroad Facts, op. cit., 47.

The ICC revenue threshold for Class Il car-
riers is $20.1 million; Class Il carriers are
smaller.

Railroad Facts, op. cit., 3. The AAR is a pri-
vate trade association of railroads in the
United States.

Railroad Facts, op. cit., 48. In 1947 some
5,772 diesel electric units were operated,
35,108 steam engines were used, and the
railroads had 821 electric units. In 1992 all
the units operated were diesel electric.
Ibid.

About 1.9 percent of the locomotive fleet
has been purchased new annually over the
past decade. Calculated from data in
graph, Percent of Fleet Purchased New
Each Year, Railroad Facts, op. cit., 54.
Railroad Facts, op. cit., 52.

Equipment orders in 1993, however,
appear to be higher than average. See, e.g.,
C & NW to acquire 1,300 hoppers, up to
65 new GE locomotives, Traffic World, No.
4, Vol. 236 (October 25, 1993), 18. These
equipment additions, all acquired under
operating leases, are said to exceed the
value of the North Western's fleet addi-
tions over the last four years.

Calculated from data in table Freight Cars
in Service, Railroad Facts, op. cit., 50.

106.

107.
108.

109.

110.
111.

112.

113.
114.

115.

116.

117.
118.

119.

These inventory data are for 1992. See
National Railroad Passenger Corporation
Annual Report 1992, op. cit., 17.
Background on Amtrak, op. cit., 14.
Railroad Facts, op. cit., 55. According to
the ICC, “Between passage of the Staggers
Rail Act of 1980 and fiscal year 1992, rail
industry employment levels have
decreased about 56 percent.” ICC 92,
Interstate Commerce Commission 1992
Annual Report (Washington, D.C.: GPO,
1993), 25.

Calculated from Economic Commission
for Europe, Annual Bulletin of Transport
Statistics for Europe (New York: United
Nations Publications, 1992), 42, 44-45, 81.
Frank A. Smith, op. cit., 61.

Full-time equivalent employment in
September 1993. Tabulated by Strategic
Planning and Systems Division, Office of
the Secretary, U.S. Department of
Transportation, 1993.

National Transportation Statistics,op. cit.,
37.

In 1991, 24,596 miles. Ibid.

National Transportation Strategic Planning
Study, op. cit., 13-19.

National Transportation Strategic Planning
Study, op. cit., 13-19. Until 1992, when the
ICC raised the threshold for Class | status
from $450 million (1978 dollars) to $250
million (1991 dollars), there were 13 Class
| railroads, including the Florida East
Coast Railroad. ICC 92, Interstate
Commerce Commission 1992 Annual
Report,op. cit., 33.

ICC 92, Interstate Commerce Commission
Annual Report, op. cit., 50.

Railroad Facts, op. cit., 36.

Railroad Facts, op. cit., 34. The relative
percentage of loaded to unloaded miles of
car operation appears to be roughly static
for the past half-dozen years. Ibid.

Railroad Facts, op. cit., 46-7, 49 and 54. The
U.S. Department of Transportation did sur-
vey deferred maintenance on non-Class |
railroads, finding few problems. See
National Transportation Strategic Planning
Study, op. cit., 13-6. Rail passenger cars
averaged 21.5 years in 1992; however, 50
new Viewliner sleeping cars are to be
ordered in fiscal year 1993 to replace some
40-year-old Heritage cars. Likewise,
Amtrak’s locomotives averaged 13 years of
age in 1992, but 26 new train sets are to be
ordered soon for the Northeast Corridor.
See National Railroad Passenger Corporation



120.

121.

122.

123.

124.

125.

126.

127.

Annual Report, 1992,0p. cit.,, 13,14 and 17.
National Transportation Strategic Planning
Study , op. cit., 13-5.

Also, as in other modes of transport, regu-
latory changes may lead to changes in
equipment condition. For example,
changes in AAR rules make cars that lack
modern journal bearings ineligible for
interchange with other railroads, leading
to earlier replacement than would other
wise occur. C & NW to acquire 1,300 hop-
pers, up to 65 new GE locomotives, op. cit.
The Status of the Nation’s Highways,
Bridges, and Transit, op. cit., 43. Urbanized
areas as defined in the 1980 Census.
Transit Fact Book (Washington, D.C.:
American Public Transit Association,
1992), 31. APTA expects to release its 1993
Transit Fact Book early in 1994, telephone
conversation, October 19, 1993. Detailed
1991 data for the 515 larger transit sys-
tems participating in the Federal Transit
Administration’s (FTA) Section 15 pro-
gram are available through FTA’s National
Transit Summaries and Trends For the
1991 Section 15 Report Year (Washington,
D.C.: GPO, 1993), and an annual series of
related Section 15 publications.

“Transit includes all multiple-occupancy-
vehicle passenger services of a local and
regional nature provided for public use. . . .”
Transit Fact Book, op. cit., 10. Although the
definition is broad, it does not encompass
all urban transportation services—such as
private vans, buses, and limousines. The
American Public Transit Association
(APTA) is a private, international associa-
tion of more than 1,000 member transit
systems and related organizations in the
U.S., Canada, and other countries. Transit
Fact Book, op. cit., 7.

See section 16(b)(2) of the Federal Transit
Act

Funded by Section 18 of the Federal
Transit Act.

The Status of the Nation’s Highways,
Bridges, and Transit, op. cit., 34. The 1,600
and 3,495 agencies are part of the
Community Transportation Association of
America’s (CTAA) data base. The CTAA is
a nonprofit organization representing
rural and specialized transit operators. It
should be noted that the above listing of
agency providers does not encompass the
entire supply of urban and rural trans-
portation providers. Although the private
auto transports the majority of persons in

128.

129.

130.
131.

132.
133.

134.

135.

136.

137.

138.
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U.S. cities and rural areas, other trans-
portation takes place via taxicab, private
van pool, subscription bus services, school
buses, bicycles, motorcycles, scooters and
mopeds, walking, jitneys, and a variety of
other mechanisms.

National Transportation Strategic Planning
Study, op. cit., 12-4.

Frank A. Smith, op. cit., 61. The same ref-
erence cites a figure of 478,000 for bus dri-
ver employment; this figure most likely
includes school bus drivers and intercity
drivers. Frank A. Smith, op. cit., 62.
Transit Fact Book, op. cit., 96.

Full-time equivalent civilian employment,
September 30, 1993. Strategic Planning
and Systems Division, Office of the Secre-
tary, U.S. Department of Transportation,
1993.

Frank A. Smith, op. cit., 61.

National Transportation Strategic Planning
Study, 12-1. Most services are publicly
provided, but by no means all—such as
taxis and limousines.

Transit Fact Book, op. cit., 10.

Age is used as a surrogate for physical
condition, which is not measured general-
ly for transit buses. See The Status of the
Nation’s Highways, Bridges, and Transit,
op. cit., 138.

No similar data exist for bus and paratran-
sit facilities. The Status of the Nation’s
Highways, Bridges, and Transit, op. cit., 139.
Based on the latest, 1983-84 Rail Moder-
nization Study assessment. Ibid.

The Status of the Nation’s Highways,
Bridges, and Transit, op. cit., 5-6. This find-
ing is based on 1984-85 data, but deemed
“. .. in general, still valid. This is because
total capital spending on rail moderniza-
tion since that time has been at approxi-
mately the level which FTA believes is
adequate to maintain conditions.” The
Status of the Nation’s Highways, Bridges,
and Transit, op. cit., 139. Although it may
still be valid to state in 1993 that rail tran-
sit infrastructure in general has not
changed in condition since it was last
physically surveyed nearly a decade ago,
the categories in which expenditure for
rail investment and maintenance have
been made since that time (such as new
rail starts and ADA—Americans with
Disabilities Act—retrofitting) would seem
to make the condition findings for particu-
lar infrastructure categories obsolete, and
point to the need for more current data.
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139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.
150.

151.

FTA has such a study under way, as well
as a study to provide data on bus mainte-
nance facilities. Richard P. Steinmann,
“Data Needs for Transit Policy, Finance,
and Evaluation,” Transportation Data
Needs: Programs for a New Era,
Transportation Research Circular No. 407
(April 1993), 44-48, at 45.

Federal Transit Administration, U.S.
Department of Transportation, National
Transit Summaries and Trends for the 1991
Section 15 Report Year, op. cit., 23.
National Transit Summaries and Trends for
the 1991 Section 15 Report Year, op. cit.,
22.

To 23 in 1991 and 65 in 1990, from as
many as 1,003 in 1986. Frank A. Smith,
Transportation in America, op. cit., 69.
Data for 1989. Maritime Administration,
U.S. Department of Transportation,
Domestic Waterborne Trade of the United
States, 1987-1989 (Washington, D.C.: GPO,
1991), 54. Also operating on the Great
Lakes are “several hundred other vessels
consisting of small passenger vessels, tugs,
barges, ferries, dredges, railroad car floats,
and miscellaneous small cargo vessels.”
op. cit., 2.

National Transportation Statistics, op. cit.,
31.

The 1992 Inland Waterway Review, op. cit.,
39, 41.

Annual Bureau of Transport Statistics for
Europe, op. cit., 154-5, 158.

Maritime Administration, U.S.
Department of Transportation, Merchant
Fleets of the World, Oceangoing Steam and
Motor Ships of 1,000 Gross Tons and Over
seas of January 1, 1992 (Washington, D.C.:
GPO, 1992, 12.

Maritime Administration, U.S.
Department of Transportation, Vessel
Inventory Report (Washington, D.C.: GPO,
1992), iv.

Merchant Fleets of the World, Oceangoing
Steam and Motor Ships of 1,000 Gross
Tons and Over seas of January 1, 1992, 12.
Vessel Inventory Report, op. cit., 11.

See National Transportation strategic
Planning Study, op. cit., 14-17.

In terms of container ships and similar
intermodal vessels the U.S. held 203 of the
2,458 ships in these three categories (8
percent of the world total) and 4,914,000
of the 40,794,000 gross tons (12 percent).
Calculated from Vessel Inventory Report,
op. cit., 21.

152.
153.

154.

155.

156.

157.

158.

159.

160.

161.
162.

163.

164.

165.

166.

167.

Vessel Inventory Report, op. cit., 20, 33.
Calculated from Vessel Inventory Report,
op. cit., 38.

Vessel Inventory Report, op. cit., 39, 50 and
56.

Maritime Administration, U.S. Department
of Transportation, Domestic Waterborne
Trade of the United States, 1987-1989
(Washington, D.C.: GPO, 1991), 14.
Statistical Abstract of the United States, op.
cit., 240, 678.

An Overview of the Commercial Navigation
Industry of the United States on the Great
Lakes, op. cit., xx-xxii., 112. It should be
noted that harbor depth is a somewhat
complicated matter. The Corps of
Engineers recognizes three definitions: (1)
authorized depth, the depth or depths spec-
ified in a congressional authorization; (2)
construction depth, the depth or depths to
which a harbor (or its channel) was initially
constructed; and (3) maintenance depth,
the depth the Corps attempts to provide
through dredging. Harbors may have multi-
ple channels and channels have multiple
depths (becoming more shallow as one pro-
ceeds into or upstream in the harbor). The
depth figure usually assigned a federal har-
bor is based upon the depth in the outer
harbor. An Overview of the Commercial
Navigation Industry of the United States on
the Great Lakes, op. cit., 121.

The Canadian lock failed in the 1980s and
is now officially closed, as is the U.S.’s
Sabin lock. An Overview of the Commercial
Navigation Industry of the United States on
the Great Lakes, op. cit., 28-36.

The 1992 Inland Waterway Review, op. cit.,
ES-5, 12.

National Transportation Statistics, op. cit.,
31

Oil Pollution Act of 1990, P.L. 101-380
Coast Guard, Selection of Ports for
Establishing or Improving Vessel Traffic
Service Systems (Washington, D.C.: GPO,
1993), 2-6.

The 1992 Inland Waterway Review, op.
cit., 49.

The 1992 Inland Waterway Review, op.
cit., 43.

Maritime Administration, U.S. De-
partment of Transportation, United States
Port Development Expenditure Report
(Washington, D.C.: GPO, 1991), 19, B1-2.
ICC 92 Interstate Commerce Commission
1992 Annual Report, op. cit., 127.

National Transportation Statistics, op.
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169.
170.

171.

172.

173.

174.

175.

176.

cit., 31.

For a description see Maritime Admini-
stration, Review of United States Liner
Trades (Washington, D.C.: U.S. Depart-
ment of Transportation, 1992), 10 ff.
Vessel Inventory Report, op. cit., viii.

An Overview of the Commercial Navigation
Industry of the United States on The Great
Lakes, op. cit., xxv.

An Overview of the Commercial Navigation
Industry of the United States on The Great
Lakes, op. cit., 149.

The 1992 Inland Waterway Review, op.
cit., 15.

See, for example, The 1992 Inland
Waterway Review, op. cit., 18-34.

The 1992 Inland Waterway Review, op.
cit., 42.

National Transportation Strategic Planning
Study, op. cit., 15-1.

National Transportation Statistics, Annual
Report, 1993, op. cit., 38.

177.

178.
179.

180.
181.
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National Transportation Statistics, Annual
Report, 1993, 39.

Frank A. Smith, op. cit., 61.

FERC defines major gas pipelines, in
contrast with nonmajor companies, accord-
ing to gas volume sold. See Energy Infor-
mation Administration, U.S. Department of
Energy, Statistics of Interstate Natural
Gas Pipeline Companies (Washington,
D.C.: GPO, 1992), iii.

National Transportation Statistics
Transportation Research Board, Pipelines
and Public Safety, Damage Prevention,
Land Use and Emergency Preparedness,
Special Report 219 (Washington, D.C.:
National Research Council, 1988), 16-17.
Maritime Administration, U.S. Department
of Transportation, Inventory of American
Intermodal Equipment, 1990 (Washington,
D.C.: GPO, 1991), 4. See also iii.

See Annual Bulletin of Transport Statistics
for Europe, op. cit., 185-87 for TEUs of
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of the
SYSTEM

those goals.

To Move People

America is a nation of prodigious trav-
elers. According to U.S. Department of
Transportation (DOT) statistics, total
national passenger-miles of travel in 1991
amounted to about 3.85 trillion miles of
travel, or about 15,500 miles per year per
person. This travel—about 90 percent by
automobile—is distributed among the dif-
ferent modes of transport. (See figure 3-1.)

It is most useful to discuss national
travel by differentiating it into its main
component parts—Ilocal travel and interci-
ty travel. Local travel consists of the com-
ings and goings of a household's members

CHAPTER HEsESE=NS

he nation’s transportation system
must serve nearly 260 million
Americans in more than 90 million

households, six million business establishments, and 83,000
governmental units. The system must also serve substantial
numbers of foreign visitors, shippers, and carriers and

the use of the transportation system to move people and
goods. The chapter concludes with the use of transportation
infrastructure to move vehicles, which is both a reflection of
passenger and commodity flows and a means toward serving

in their daily activities—work, shopping,
school, personal business, visits to friends,
and recreation opportunities, whether in a
city, suburban, or rural setting. Intercity
travel is more difficult to characterize. It is
generally understood to mean long dis-
tance travel away from one’s “usual envi-
ronment” on a nonrepetitive basis, often
involving an overnight stay away from
home and exceeding a distance criterion
of 100 miles or more to the destination.
The long-term trend in total travel distrib-
uted between local and intercity travel has
varied around 50/50 over the years, with
much of the estimating based on a statisti-
cal question of average vehicle occupan-
cies for local and intercity travel.
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FIGURE

Passenger-Miles (Millions): 1991
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Local Travel

FIGURE

Person-Trips by Purpose
by Time of Day: 1990

Local travel is best characterized and
understood from the perspective of the
geographic area of the residences of the

million to 56 million people, represent-
ing about 22.5 percent of the population.
(See figure 3-2.)

Our daily local travel activities are
defined by our purposes and by the
clock. Daily rhythms of work, school,
shopping, and recreation have strong
patterns that can complement or conflict
with other activities. The fundamental

| | | | |
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Billions of Trips

travelers. Thus metropolitan travel and .]:I
. 1-6AM
nonmetropolitan travel, referred to here
as rural travel, are the most useful sub- 6.9 AM -
divisions of local travel. Metropolitan
travel makes up an increasingly large 9.1 PM -
proportion each year. In 1950 the na-
tional population consisted of a rural or 1.4 PM -
nonmetropolitan population that was 44
percent of the national total of 151 mil- 47 PM -
lion. By 1990 the metro population had
reached 77.5 percent of the population .
L - 7-10 PM
and was receiving 86 percent of national
growth. The nonmetropolitan popula- 10-1 AM I
tion had declined from approximately 66
|
0

=
o

[ social/Recreation

. Other

. Earn a living
D Personal business

I| Education/Religious/Civic

elements of that daily cycle cause the
morning and evening peaking character-
istics that the nation has come to dread.

on morning and evening peaking. But daily
transportation activities in a metropolitan
context actually consist of much more,

(See figure 3-3.)
Discussions of metropolitan travel tend
to focus on the work trip because its impact

including the following:
Resident Work Travel
Resident Travel for Other Purposes
Local Travel by Visitors
Public Vehicle Activities
Urban Goods Delivery
Urban Services Delivery
Through Travel by Passengers
Through Travel by Freight
Our knowledge of many of these ele-
ments is limited. Some information is

FIGURE

Long Term Population Trend by Major
Geographic Area 1950-1990

250 46% available regarding resident work travel

and resident travel for other purposes, but

200 ~ even cursory information is unavailable
for most of the other travel categories.

150 — 550, Suburban Population — Over time the temporal and purpose

31% patterns of metropolitan travel have

100 18898 Central Gity Population | changed'and pro_baply for the better.

Time series data indicate that the ten-

0 dency for work travel to peak abruptly in

50 —I 23%  the morning and evening has declined

Nonmetro Population 9 9

about 10 percent between the late 1960s

0 j | | | ‘* and the 1990s. The decline can be attrib-

1950 1960 1970 1980 1990 uted to several factors. The trend away

from manufacturing to services employ-

*confirm cc and print ment brings with it a decline in the fac-
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tory system—Ilarge numbers of employ-
ees at a central site starting and ending
work at the same time. Services employ-
ment tends to bring smaller employment
units together, and they are oriented
around consumers with more weekend and
evening employment. Also, the press of
traffic congestion has often forced com-
muters to travel before or after the peaks
to miss the congested periods. In addition,
some employers have organized flextime
schedules to reduce travel pressures, shift-
ing to 10 hour four day schedules, or to
other alternatives.?

Another factor tending to flatten the
daily travel distribution is the proportion-
ate increase in nonwork travel relative to
work travel. From 1969 to 1990, the
Nationwide Personal Transportation
Surveys (NPTS) shows a decline in work
and work-related travel from more than 41
percent of all local travel to about 26 per-
cent. Although work travel was growing
very substantially in this period, personal
and social travel was growing even more
dramatically. This suggests that many of
our congestion problems are not solely
related to work travel.?

Work Travel

The story of work travel in recent years
is a story of dramatic and sometimes frus-
trating change. The dominant element was
the prodigious creation of jobs in this
nation in the 1970s and 1980s in response
to the arrival into the labor force of the
baby-boomers, and especially the entry
into the labor force of women in dramatic
numbers. From 1980 to 1990, the popula-
tion grew by less than 10 percent for the
first time since the Great Depression, but
the number of workers increased by more
than 19 percent—almost 19 million new
workers.

Other equally dramatic forces have
been at work to change the patterns of
commuting. The most significant of these
is the shift to the suburb-to-suburb pre-
dominant pattern in commuting. Follow-
ing the rise of suburban populations came
a parallel growth in suburban, commercial,
retail, and overall employment. Roughly
two-thirds of new employment has been in
suburban areas.

The structure of contemporary com-
muting is complex. (See figure 3-4.)

Suburb-to-suburb trips now are twice the
scale of suburb-to-central city trips. Re-
verse commuting trips, i.e., from inner city
to suburban job sites, are also significant.
And one of the newer factors that has to be
recognized is the interactions now occur-
ring between adjacent metro areas. Many
suburban and exurban communities now
lie in the commuting fields of two metro
areas.

Trends in Modal Shares to Work. The
shift to a more circumferential pattern of
commuting has challenged our road and
transit systems, which are more oriented to
the historical radial patterns of travel. The
spread-out patterns of origins and destina-
tions of work travel have especially chal-
lenged traditional transit services. At the
same time increases in auto ownership and
the extensive increases in women'’s acquisi-
tion of driver’s licenses have further chal-
lenged transit's competitive abilities.

According to the 1990 census data, auto
travel gained only slightly in modal share
from 1980 to 1990, primarily as a result of
a very significant shift from ride sharing to
driving alone. (See figure 3-5.) That is, the
proportion of people traveling by auto did
not change dramatically, but the number
of vehicles involved did. Walking and mass
transit continued their declining shares of
work travel. Transit served roughly the
same numbers in 1990 as in 1980, with
only a slight decline in overall persons

FIGURE

National Commuting Flow Patterns
(Millions of Daily Trips)
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that is under great time pressures and feels
the need for flexibility and speed.

The increasing number of people work-
ing at home appears to be an urban phe-
nomenon; rural work-at-home trends
remained stable, suggesting that the long-
predicted rise in computer-oriented work-
ing at home may have in fact arrived.

Work, Travel Times, and Distances.

FIGURE

Broad Travel Mode
Percent Change: 1980-1990

Drive Alone S e
Carpool

Transit [ Among the chief concerns of American
urban travel is the amount of time it takes
Other | to get anywhere. The census of 1980
showed a national average work travel

Walk Only '

Work at Home I

Broad Mode of Travel

Percent Net Change: 1980 - 1990
1980 1990
Total
Workers
served. Within the transit sector, large Drive
shifts occurred from bus travel to rail ser- Alone
vices wherever it was available.
In net terms the shifts are stark. § Carpool
Between 1980 and 1990 America added &
more than 22 million new single occupant g Transit
drivers to work. (See figure 3-6.) Where did £
they come from? There were only about 19 = Other
million new workers added in the period. E
Apparently, most of these new workers S
drive to work alone. In addition, nearly four = Wacl)knﬁ?,
million former carpoolers now drive to
work alone, transit dropped 200,000 riders,
and more than 650,000 stopped walking to a\ivﬁgknﬁ‘i

work. Despite a 19 percent increase in com-
muters, all alternatives to the drive-alone
vehicle lost absolute amounts of users. One
significant reversal in trend was an increase
in the number of people working at home
since 1980; however, this increase is pre-
dominantly in urban areas, suggesting the
long-predicted growth in telecommuting
may finally be happening. The number of
people who work at home in rural areas—
which declined for many years as people
left farming—is now stable.

Causes for these shifts in mode share
are not difficult to identify: continuing
increases in auto availability, especially for
women; continuing shifts to noncentral
city oriented commuting; declining real
gas costs; continuing shifts away from
areas of the country traditionally disposed
to transit toward areas where the auto is
more dominant; and ultimately a society

\ \ \ \ \
-5 0 5 10 15
Millions

time of 21.7 minutes. The 1990 census
indicated only a 40-second increase to 22.4
minutes on average. This is a remarkably
small increase given the immense shifts to
auto use. Why then the nationwide con-
cern for commuting delays? First of all,
average statistics can be deceptive, mask-
ing important changes in specific areas.
Increases in travel times in the West were
substantial. Second, the substantial shifts
in mode already noted and shifts to differ-
ent trip patterns may improve the average
time. For example, shifts from walking or
transit to the auto will typically improve the
average travel times of those making the

20

| FIGURE [EECEH

25
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shift, but will also contribute to congestion
and declining travel times on the roads they
now use. (See figure 3-7.)

Nonwork Travel

As rapidly as work travel has increased,
it has been exceeded in growth rate by
nonwork travel. At the same time, the dis-
tinctions between work and nonwork trav-
el have been blurred by important work
and social changes. In part because of
experiences associated with the energy
crises and in part because more women
are now in the workforce, there is a greater
tendency for work and other trips to be
combined. Dropping off and picking up
children; shopping or picking up fast foods
on the way home have increased the time
and energy efficiency of daily travel. The
importance of changes in women’s travel
behavior cannot be overstated. Women
with driver’s licenses (who tend to be those
who work) make three times the work trips
that women without licenses do, twice the
number of personal business trips, and
twice the social and recreational trips.
Overall, for every one percent shift from
nondrivers to drivers among women, total
travel jumps 10 billion miles per year.®

Analyses of 1990 nonwork trip data
show significant variations by income, age,
location in the metropolitan area, and
stage in the life cycle. (See table 3-1.) The
generation of nonwork trips is more close-
ly tied to household than to population
changes. It is the care and upkeep of
households, almost independent of the
number of persons in the household, that
frequently governs trip making. Declining
household sizes and the more rapid growth
in households relative to population have
spurred nonwork trip travel, along with
growing affluence. In 1990, average house-
hold size was 2.63 persons compared to
2.76 as recently as 1980 and 3.14 in 1970.
Between 1980 and 1990, the number of
households increased by 11.5 million, or
14 percent, compared to a population
increase of less than 22 million (an
increase of less than 10 percent). The dra-
matic changes occurring in household size
are primarily a product of changes at
either end of the household spectrum. At
one end, one-person households have
increased substantially, while households
with more than five members have

FIGURE

Change in Travel Times: 1980 - 1990
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declined. Two-, three-, and four-person
households have changed little. This sug-
gests a continuing trend to smaller house-
holds in the future with all the
transportation effects it implies. Except for
walking and the use of school buses and
public transit for school related trips, the
auto is almost the exclusive form of travel
for nonwork tripmaking.
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Local Travel-Rural

According to the 1990 census, rural
populations have declined to about 22 per-
cent of national population. In part, this
trend is the result of the decline in farm
populations. It is estimated that about a
third of all rural counties rely on farming
and farm-related business for the dominant
share of their economic activities.
Increasingly rural counties are business
and manufacturing oriented, and today,
about a third of the nation’s rural counties
are focused on manufacturing rather than
farming. Thus questions of rural transporta-
tion access and service needs are questions
that affect the manufacturing sector of the
economy as well as the agricultural, mining,
forestry, and fisheries sectors.

The only areas in rural America that
came close to matching the national popu-
lation growth rate are those counties adja-
cent to metropolitan areas. More than 15
percent of the commuting travel takes the
populace of these counties into the metro-
politan complex. These areas are statisti-
cally rural, but clearly metropolitan in
their orientation and usually achieved for
metropolitan status after the results of the
decennial census are tabulated. This con-
tinuous shift in status from rural to metro-
politan is a major explanation of the
definitional decline in rural populations.*

The orientation of rural populations to
the automobile is about the same as subur-
ban populations, with a greater orientation
to walking and much less orientation to
transit, which is generally not available.
Trip purpose distributions similarly are
almost identical to suburban distributions
with respect to trip making and total miles
of travel. Significant differences occur in
trip lengths, however, wherein work trips
tend to be shorter than metropolitan trips,
but all other trips tend to be longer. The
rate of ownership of driver’s licenses ex-
ceeds the national average, as does miles
driven per driver. Auto ownership rates per
household are almost identical to subur-
ban rates.®

Comparison of consumer spending on
transportation between urban and rural
populations is revealing. Total rural spend-
ing per household in 1991 was slightly less
than the average for urban spending—
$5,055 per year versus $5,166. However,
given the appreciably lower incomes in

UseE Ul e dysteln

TABLE IEEW

Average Daily Trips, Travel per Person
and Person Trip Length (by Sex and Trip

Purpose)

Male Female Total
Average Daily Person Trips
Earning a Living 0.77 0.57 0.66
Family and Personal Business 1.12 1.42 1.28
Civic, Educational, and Religious 0.34 0.36 0.35
Social and Recreational 0.78 0.74 0.76
Other 0.02 0.02 0.02
Total 3.03 3.12 3.08
Average Daily Person Miles of Travel
Earning a Living 10.5 5.12 7.69
Family and Personal Business 8.62 9.23 8.93
Civic, Educational, and Religious 1.79 1.89 1.84
Social and Recreational 10.4 9.38 9.86
Other 0.25 0.20 0.22
Total 31.56 25.83 28.56
Average Person Trip Length (Miles)
Earning a Living 13.91 9.18 11.8
Family and Personal Business 7.75 6.63 7.11
Civic, Educational, and Religious 5.39 5.38 5.39
Social and Recreational 13.45 12.93 13.19
Other 11.59 9.13 10.3
TOTAL 10.54 8.47 9.45

rural America, their expenditures represent
a greater share of their incomes than does
urban spending—20.4 percent of spending
contrasted to 17 percent. Main points of
difference in rural areas are the greater ori-
entation to trucks than cars, and to used
vehicles rather than new, and greater
spending for gasoline and associated fuel
taxes. Rural residents spend about 27 per-
cent more on gas and oil than urban resi-
dents. Rural areas also lag in spending for
purchased transportation, a product of less
spending on transit and air travel.®

Intercity Travel
Americans travel from city to city for

an array of reasons, and often try to
achieve several purposes with a single trip.
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The simplest distinction is between busi-
ness and personal travel. Applying this
simplest of distinctions, the U.S. Travel
Data Center (TDC) estimates that business
travel accounts for 16 percent of all inter-
city travel; personal travel of varying types
account for 76 percent. (See figure 3-8)

Travel industry growth has shown
remarkable stability over the years, with
annual growth rates exceeding Gross
National Product (GNP) growth since 1978.
The industry has exhibited important
counter-cyclical character as well, often
being a major source of service industry job
growth, particularly in recession periods.
Significant trends in the industry affecting
transportation are:’

e The trend toward more frequent,
shorter duration travel, as indicated
by a decline of about 10 percent in
total nights spent away from home
from 1989 to 1991 while at the same
time total trips made increased by
almost 4 percent.

e A paralleling trend for more trips built
around weekends.

FIGURE

Modal Choice by Trip Purpose: 1991

Other I

Train I

Bus I
air I
autormruck |

ALL

Other I
Train I

sus [

~r T
autorrruck |

BUSINESS

Other I

Train I

Bus I
air I
autorrruck |

PLEASURE

FIGURE

Intercity Travel by Purpose: 1991 0O 10 20 30 40 50 60 70 80 90
Percent of Trips Over 100 Miles
Other
8%
Business/ Visit Friends . .
Convention and Relatives  Personal travel. If all trips are examined by

16%

Entertainment

25%

38%

Outdoor Recreation
13%

There is a tendency to equate intercity
travel with air travel and, to a lesser extent,
with rail and bus travel. In fact, the auto-
mobile is the predominant mode of interci-
ty travel undertaken for both business and
personal purposes. (See figure 3-9.)

A key factor in better understanding
intercity travel is trip distance, which
varies by trip purpose and choice of mode.
Business travel averages more than 862
miles roundtrip, compared to 799 miles for

trip-length category, the modal choice pat-
terns reveal a skewing in favor of autos in
the lower trip-length categories and a shift
favoring aviation in the longer-distance
categories, although the auto still predomi-
nates for all trips less than 2,000 miles in
roundtrip length.

If the auto and air patterns are examined
in terms of percentages of trips by length the
pattern is increasingly clear. (See figure 3-
10.) More than 60 percent of trips made by
auto are less than 500 miles roundtrip, with
an average trip length of 577 miles. Only 10
percent of intercity air-travel trips are less
than 500 miles in length, and average trip-
length is roughly 2,200 miles. Only 3 percent
of auto travel occurs in the more than 2,000-
mile category in contrast to 40 percent of air
travel. In comparison, Amtrak’s average one-
way trip length, as measured by Amtrak
sources, is about 290 miles, and intercity bus
is about 140 miles.
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Air and Auto Trips by Trip Length: 1990
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Ultimately it is the miles of travel gen-
erated by trip makers that affects the abili-
ty of the transport system to serve demand.
The “more than 2000-mile range” (involv-
ing only 9 percent of all trips) accounts for
a very high proportion of all travel miles.
(See figure 3-11.)

FIGURE

Estimated Intercity Miles of Travel
by Trip Length Category: 1991
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International Travel

The United States, the world’s most
important international travel destination,
has participated in a dramatic worldwide
surge in international tourism and travel.
After rapid growth in the 1980s, overall
growth of foreign visitors to the United
States has slowed in recent years. That slow
growth is a composite of active growth
from overseas visitors and limited growth
from our land border partners Canada and
Mexico. The number of overseas visitors
increased by 10 percent from 1991 to 1992,
and the U.S. Travel and Tourism
Information (USTTA) predicts an increase
of 6 percent in 1993. (In the same time
frame, the visitor rate from Mexico grew by
7 percent.) The number of overseas visitors
is expected to continue to rise, almost
tripling between 1984 to 1994. In 1993
overseas visitors are expected to outnumber
Canadian visitors for the first time—with
foreign visitors reaching 18.5 million visi-
tors compared to 17.5 million Canadians.
About 48 million visitors are expected to
arrive in the United States in 1994: 17.4
million from Canada; 10.2 million from
Mexico; and 20.5 million from overseas.

International visitors are a significant
market for the U.S. transportation system,
but not as overwhelming for our country
as they are for some European destina-
tions, where the total number of visitors
each year exceeds the national population.
The number of visitors expected in the U.S.
in 1994 is equal to about 20 percent of the
population.

To Move Freight

Americans produce and consume a vast
quantity of freight movement services. The
traditional measure of freight activity—the
ton-mile (a ton moved a mile)—registers at
something on the order of 3 trillion ton-
miles per year—3.5 trillion if domestic
coastal shipping is included. Relating the
domestic intercity portion of freight move-
ment to the national population works out
to about 25 tons per person. (See figure 3-
12.) Ton-miles per capita have shown
steady growth over the years, from less
than 7,500 ton-miles per year in 1950, to
more than 11,000 in 1990. These numbers
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FIGURE

Freight Ton-Miles per Capita -
Long-Term Trend: 1950-1990
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indicate that Americans are producing
more goods, and consuming more per per-
son each year.

It is important in understanding con-
temporary freight movement to recognize
that these ton-miles increasingly consist of
more miles of travel with less significant
growth in tonnage. A look at the long-term
trend in tons moved per capita reveals
long-term growth over 40 years, but at a
slower rate of growth. (See figure 3-13.)

In contrast, ton-miles per dollar of GNP
has significantly declined over the same
time period to just below 0.6 ton-miles per
dollar of GNP from a level about 0.7 in
1950, using GNP expressed in constant
1987 dollars. This dip is in part the result
of a national shift in the economy toward
services, and in part it is due to the
increasing use of lighter materials in prod-
ucts we produce. Also, greater penetration
into the economy of imported goods may
reduce the overall need for domestic move-
ments. Reference to tons-per-unit GNP
trends indicate that, again, it is the miles of
travel that is the significant growth factor,
as tons have declined substantially.

Modal Shares

The long-term trend in modal tonnage,
ton-mile, and revenue shares indicate the
following:

« Rail freight has retained a share of
approximately 37 percent for more
than a decade, following a small
decline from an approximate 40 per-
cent share at the start of the 1970s.
Trucking has shown slow but contin-
uous gains in share since 1950.
Overall shares were about 16 percent
in 1950; they reached 20 percent by
1960 and 25 percent in the mid-
1980s. Present shares are in the range
of 26-27 percent.

Waterborne shares on rivers and
canals grew rapidly from about 5 per-
cent in 1950 to a 10 percent share in
1970, growing slowly to a 13 percent
share in 1990. Great Lakes shipping
has been the great loser, dropping
from 10 percent in 1950 to about 3
percent currently.

Pipeline shares have shown an inter-
esting pattern over time, rising from a
12 percent share in 1950 to a peak of
just under 25 percent in 1975, declin-
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FIGURE ing thereafter to a current share less
than 20 percent.
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the microscopic to the minuscule,

Millions of Tons increasing 10 fold from .03 percent to

7000 .37 percent.
6000 The current pattern is best seen by
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enues. (See figure 3-14.) It is interesting
4000 that trucking with about 25 percent of the
ton-miles, receives 79 percent of the rev-
3000 enues, while airfreight, with only .3 per-
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2000 the revenues.

Declining market shares are not as cat-
1000 astrophic as they might appear. For
0 instance, the rail sectors share of freight
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Intercity Freight Activity Ton-Mile Trends: period the ton-miles hauled by rail dou-

Billions of Ton-Miles bled, and its revenues more than tripled.
3000 The other modes with declining shares of
the market also enjoyed reasonable levels
2500 of growth in ton-miles and revenues. Only
Pipeline Great Lakes shipping has shown real mar-

2000 ket losses.
Part of the reason for the changing
1500 shares of each mode is the changing pat-
terns of U.S. and world demand for the
commodities each mode is best equipped
1000 to handle. A comparison of the use of the
modes by commodity makes it clear that
500 they respond to very different needs. (See
table 3-2.) Waterborne carriers, for
0 instance, relied on petroleum and related
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products for 42.3 percent of revenues in
1991. Other products typically hauled by
National Freight Revenue Trends: waterborne carrier included coal and coke;
chemicals; food and food products; iron
ore, iron, and steel; sand, gravel, and stone;
and logs and lumber—with each of these
product areas accounting for anywhere
from 2.5 to 16.2 percent of the revenues.
Rail lines, on the other hand, relied on coal
(38 percent) and farm products (11.9 per-

Revenue (In Billions of Dollars)
350

300

Pipeliny

250

200 cent) for nearly half their business. As for

trucks, no single product area accounted

150 for more than 15.5 percent of revenues

(agriculture and food products); manufac-

100 tured products of varied types appear to be
50 most readily hauled by truck.

Air and pipeline modes have not been

0 included in this summary. Air freight sta-

\ w w w w w ! tistics that provide information about com-
1960 1965 1970 1975 1980 1985 1990 modity detail are not available; however, as
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FIGURE

Freight Activity by Mode
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TABLE IEEFE

Commodity Shares by Mode

Percent

Waterborne Commerce (Foreign and Domestic): 1991
Percent of Tons Moved by Commodity

Petroleum & Products 42.3
Coal & Coke 16.2
Food & Food Products 12.6
Iron ore, Iron, Steel 7.5
Sand, Gravel, Stone 6.4
Chemicals 6.0
Logs & Lumber 25
Other 6.5

Rail Services—1992
Percent of Tons Originated by Commodity

Coal 39.6
Farm Products 10.7
Chemicals 9.4
Non-Metallic Minerals 6.8
Food & Kindred 6.2
Lumber & Wood 3.6
Metallic Ores 3.2
Stone, Clay, Glass 2.8
Primary Metal Products 2.8
Petroleum & Coal Products 2.8
Pulp Paper & Products 24
Waste & Scrap 2.2
Transportation Equipment 1.7
Other 5.9

For-Hire Trucking Firms—1991
Percent of Revenues by Commodity

Agriculture & Food Products 155
Other Manufactured Products 13.2
Metals & Metal Products 9.0
Household Goods 6.4
Forestry, Wood, Paper Products 6.3
Chemicals & Products 51
Building Materials 4.9
Petroleum & Products 3.3
Mining Products 14

Other 34.8




might be expected, air freight focuses on
high-value goods with high time demands,
either perishables or high-value technical
goods. Pipelines are obviously directed to
petroleum, petroleum products, and natur-
al gases. Some other materials, such as coal
and other minerals, move in limited quanti-
ties in pipelines or on conveyor systems.

It is useful to assess the extent to which
the modes actually compete for traffic.
Modal comparison by commodity is diffi-
cult given the lack of comparability in the
data sets. No sources exist, since the demise
of the Commodity Transportation Survey in
1977, that would permit detailed analyses.
Rough comparison indicates that the modes
tend often to fill market niches rather than
to compete head to head for much of their
traffic. The advent of the new Commodity
Flow Survey will help immeasurably to
expand our understanding of this and other
relationships between the modes.

Trucking particularly tends to compete
in some services and as well as to serve as
a complementary supporting mode, taking
goods to and from rail and water termi-
nals. Data are particularly weak in assess-
ing the significant changes in the trucking
industry since deregulation. The recently
developed annual Bureau of the Census
survey of Motor Freight Transportation
and Warehousing (WATS) is a very benefi-
cial addition, but it reflects only trucking
provided by firms engaged in trucking ser-
vices. Excluded from this census are very
important sectors of the trucking industry
such as owner-operator trucking and
trucking by corporate truck fleets primari-
ly engaged in hauling their own goods.
These elements of the industry probably
represent the majority of trucking activity.

Revenue distribution of trucking activi-
ty by commodity in 1991 indicates that
about 60 percent was truckload traffic and
the remainder was less than truckload
(LTL) traffic. The element of the industry
examined owns or leases almost two
million units consisting of trucks, tractors,
and various trailer configurations generat-
ing a total dollar revenues of about $108
billion a year. According to the 1991
survey, a further distribution of these
revenues can be identified between interci-
ty and local traffic and between general
freight and specialty traffic. Intercity traf-
fic represents about 77 percent of the
traffic, more than three-fourths of which is
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FIGURE

Freight Length of Haul Trends:
1960 to 1990
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general traffic. Local traffic is almost
equally divided between specialty and gen-
eral services traffic.

A further inference about current trends
in trucking is obtainable from the 1991
WATS. Review of the expense accounts of
motor carriers in the survey indicates that
about $20 billion, or roughly 20 percent of
industry expenses, involve expenditures for
purchased transportation. Only about 13
percent of these expenditures go to purchas-
es of air, rail, water services, or the services
of other motor carriers. The remainder
therefore goes to the rental or leasing of
trucks with or without drivers. Inferentially,
this can be assumed to be owner-operators
for the most part.

As the trucking industry has changed in
the post-deregulation era, it has become
more difficult to describe. Private fleets
now provide for-hire services, freight for-
warders own their own fleets of vehicles,
and railroads and air carriers increasingly
own and operate their own trucking fleets.

In addition to the variations by mode in
speed, service, shipment size, and cost, a
further attribute is important to under-
standing current freight trends—average
length of haul. (See figure 3-15.) The ten-
dency in all modes, both passenger and
freight, has been for the average trip length
to increase over time. This is one measure
of our society’s increasing mobility, as
places and things can be brought close
from greater and greater distances with
decreased cost and increased speed. The
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trend to longer average hauls in freight
movement is clear with increases 20-30
percent or more across all modes in the
period 1960-1990.

The Changing Structure of
Market Demand

The Office of Economic Affairs of the
U.S. Department of Commerce prepared a
study for the National Council on Public
Works Improvement assessing changes
affecting the infrastructure as a result of
the expanding and contracting shares of
different industries in the future economy
as well as from other structural changes in
industry. Industry structure changes show
continuing shifts from goods-producing to
services-producing industries. In the peri-
od from 1972 to 1984 services-producing
industries increased their share of the GNP
from 55.33 percent to 61.5 percent; the
share of these industries is expected to
reach 62.7 percent by 1995.8

The industries identified in the study as
expanding between 1984 and 1995 are list-
ed below in descending order of their
growth potential:

« Business Services.

» Telephone and Telegraph.

« Electric and Electronic Equipment.

» Real Estate, Except Owner Occupied.

« Machinery, Except Electrical.

 Printing and Publishing.

» Credit Agencies and Financial Brokers.

« Health Services.

» Banking.

e Instruments and Related Products.

< Amusement and Recreation Services.

The industries identified as contract-
ing during the same period are set out
below, in descending order of their
growth potential:

e Chemicals and Allied Products.

- Water Transportation.

e Other Transportation Equipment.

» Federal Government Enterprises.

» Stone, Clay and Glass Products.

» Textile Mill Products.

e Tobacco Manufacturers.

» Fabricated Metal Products.

e Petroleum and Coal Products.

« Educational Services.

» Railroad Transportation.

= Gas Services.

e Automobile Repair and Services.

e Insurance.

« Motor Vehicle and Equipment.

« Personal and Repair Services.

» Apparel and Other Textile Products.

* Primary Metal Industries.

e Farms.

» Food and Kindred Products.

< Oil and Gas Extraction.

= Construction.

* Wholesale Trade.

* Retail Trade.

In the industry structure used in compil-
ing GNP statistics, the activity labeled as
transportation includes only the common
carrier portion of overall transportation
activity. A very small overall drop of -0.2 is
expected in the transportation sector’s share
of overall GNP between 1984 and 1995 as
defined. Declines in share are expected for
the rail, waterborne, pipeline, and transit
sectors, while air travel and travel services
increase slightly and trucking holds a con-
stant share of GNP. Through this type of
measurement, private trucking and person-
al auto travel are not explicitly represented,
but both vehicle manufacturing and vehicle
servicing, which can serve as indicators of
private vehicle travel, are forecasted to
decline in share.

A review of the transportation-related
structural characteristics of the industries
forecasted to grow and decline relative to
GNP reveals a great deal about future
transportation demand. The Office of
Economic Affairs examined growing and
declining industries in terms of several
attributes of which four are of importance
to transportation. (See table 3-3.)

* Materials Intensity.

» Scale of Production.

< Product Transportability.

< Production Dispersion.

Materials Intensity. Materials intensity
accounts for the volume of physical inputs
used to produce a unit of value of output.
Industries rank from highly materials
intensive, e.g., a rating of 7.9 for oil refin-
ing, to using almost no materials, e.g., a rat-
ing of 0.1 for radio/television broadcasting.
The average materials intensity measure for
expanding industries is 0.7 compared to 2.0
for declining industries. This suggests a
declining need for the heavy movement of
bulk goods in the future economy. It would
strongly support the forecast that ton-miles
per dollar of GNP will continue to decline.
Measures of pollution intensity and energy



intensity move in parallel with materials
intensity and therefore exhibit a similar
and desirable trend as well.

Scale of Production. Examination of
the scale of total output produced for an
average establishment show a trend in the
future in manufacturing toward smaller
establishments. Measured in millions of
dollars of product per establishment, the
scale of production ratio was 26.4 for
declining industries and 5.2 for expanding
industries. Using average employees per
establishment shows similar patterns: 113
employees compared to 65. Outside manu-
facturing, services industries show even
lower levels of total output per establish-
ment. Trends in capital intensities of grow-
ing and declining industries confirm this
pattern toward smaller firms. For trans-
portation again this trend favors smaller
shipments, less bulk movement and
demand for more individualized service.

Product Transportability. The mea-
sure employed in the development of this
index is the ratio of dollar value of prod-
ucts produced to their weight. Applied to
manufacturing industries alone, expanding
industries exhibited an average value per
ton more than twice that of declining
industries. As value-per-ton increases, the
likelihood of the need for rapid transport
also increases. This suggests an orientation
to the use of air and truck transportation
with the need for fast, on-time delivery of
products in the rapidly growing segments
of the economy.

Production Dispersion. Using a mea-
sure of the share of national production gen-

TABLE IEEER

Expected Changes
in U.S. Industries

Expanding Contracting
Industry Industry Industry

Pollution Intensity Low High
Materials Intensity Low High

Scale of Production Small Large

Capital Intensity Low High

Energy Intensity Low High
Transportability High Low
Dispersion Dispersed Concentrated
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erated by the top ten producing states pro-
vides an indication that overall national pro-
duction is dispersing, and expanding sectors
are more dispersed than declining sectors.
This favors the case for low levels of total
freight volumes moving in dispersed pat-
terns rather than in heavy corridors.
Again, this favors truck and air services.

The overall effects of these trends
will have important implications for the
nature of the economy and its trans-
portation needs. They make a case for a
different kind of industrial economy,
very different from the industrial power
ideas of earlier years. Instead of regions
of heavy industry, there will be dis-
persed manufacturing. Instead of large
factories taking in raw materials and
belching smoke there will be smaller
facilities with fewer inputs, less energy
consumption, less pollution, and more
valuable products produced. The trans-
port implications favor modes of trans-
portation that can preserve goods in
transit, move them expeditiously, and
assure on time arrival.

Bulk Commodity Flows

Although the nature of the dominant
trend is clear, we can still expect selective
growth in the bulk freight sectors that will
provide increased demand for rail, water,
and pipeline bulk services. Long-term
projections of bulk cargo movements
domestically and in international trade,
published by DRI/McGraw Hill quarterly
and annually, do not indicate major in-
creases in grain, coal, or petroleum flows,
and these are the mainstays of the bulk
freight handling modes.

Expectations are for an increased role of
foreign trade in the U.S. economy. In partic-
ular, high growth in exports will help create
greater balance between goods entering and
leaving the country. Export growth is expect-
ed to increase at about 8 percent-twice the
rate of import growth in the early nineties.
There will still remain an imbalance of about
1.5 million equivalent container loads flow-
ing into the country vs outflow.

Foreign trade accounts for about 48
percent of U.S. waterborne tonnage, and
that share will increase over time. Foreign
trade activity has been growing at a rate of
3.8 percent annually compared to domestic
waterborne commerce growth of 1.2 per-
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cent. Domestic and foreign trade statistics
are affected by very large shifts in bulk
movement patterns. The shifts in petrole-
um flows from domestic to foreign
sources, changes in petroleum flow pat-
terns from Alaska, and declines in Great
Lakes iron ore shipments are examples.

Foreign trade flows are concentrated in
a limited number of ports, with more than
80 percent of total tonnage in 1987 moving
through the top 50 ports. There are, how-
ever, 143 ports that handle more than a
million tons per year.

Intermodal Flows

development permits movements within
the system of perishables moving in
refrigerated containers.

To Move Vehicles, Vessels,
and Aircraft

America has at its disposal one of the
world’s great vehicle fleets. These fleets of
privately owned and publicly available vehi-
cles provide an extraordinary level of service
to our society for both person and freight
movements. Not only do we own this vast

collection of vehicles, representing an

TABLE IEEEE

Motor Vehicle Registrations and Use:

Intermodal movements should con-
tinue to receive great impetus from for-
eign trade flows. They also will receive
further support in the 1990s from their

advantages over direct truck travel in 1992
terms of fuel and labor costs, as fuel
costs rise and truck driver labor avail-

L) . . . . Number of Average Annual
ability is constrained. Rail container Vehicles Vehicle Miles of
and trailer movements in revenue ser- Vehicles (in Millions) Travel per Vehicle
vice increased by 2.6 million units, an
increase of 80 percent, in the last ten  Automobiles 144.2 11,063
years and now exceed 6.7 million units Motorcycles a1 2,343
a year.

The intermodal movement of contain- ~ Buses 06 8,901
ers has been characterized by the  Trucks (2-axle/4-tire) 395 12,055
development of highly integrated, info- 1 (6 o more tires) 6.0 25547

rmation-intensive companies providing
the advantage of one-stop service to ship-
pers and complete control of cargo
movements from beginning to end. The
advent of double stack container train
movements across the country in the
booming Pacific-rim markets is the best
example of this pattern of freight move-
ment. Truck fleets owned by rail or
ocean shipping companies feed trains
capable of carrying upwards of 280 con-
tainers in a single doublestack train
moving in daily service, generally from
West Coast ports in Seattle, Oakland,
and Los Angeles to Chicago and the Gulf
and East Coasts. Ships like the American
President Line's 900-foot long C-10 are
capable of moving the equivalent of
4,300 twenty-foot containers in one
crossing. Travel times in the range of 12
days from Japan to Chicago or Dallas
are typical.® To accomplish this, exten-
sive investments in dedicated terminals,
equipment, rolling stock, and informa-
tion systems are required. A recent

immense investment by individuals, busi-
nesses, and governments, but we use them
extensively as well. Generally, the level of use
of vehicles in America, expressed in miles
traveled per year, hours of use per day, or
other comparable measures, exceeds that of
other countries.

One of the statistical problems analysts
often face regarding personal motor vehicle
travel is the increasingly unclear boundary
between automobiles and trucks, particularly
with the rapid increases in the use of pickup
trucks, vans, and sports-utility-type vehicles
for personal use. Much of the U.S. growth in
vehicles in recent years has been in these cat-
egories. Our shift into these vehicles is illus-
trated by the fact that the U.S. now trails
several European countries in the statistical
measure of autos per 1000 population.
Statistical measurement must increasingly
use the concept of vehicles available rather
than automobiles to capture properly the
range of mobility options available to the
American public.



Private Vehicles

The U.S. private use vehicle fleet has
reached substantial proportions. The
majority of U.S. households own two or
more vehicles. The long-term trend indi-
cates that the number of households with
one vehicle has been roughly 30 million
since 1960. The number of households with
two vehicles has jumped in that time period
from 10 million to almost 35 million, and
the number with three vehicles has bal-
looned from about 2 million to more than
15 million. Importantly, the number of
households without vehicles has remained
at about 10 million households—slightly
rising in fact, in the most recent census.
There are clear racial disparities in these
ownership patterns. Tracing the mobility
characteristics of these zero-vehicle house-
holds will be an important future area for
study. (See table 3-5.)

A comparison of households with vehi-
cles available based on decennial census
data collected from 1960 to 1990 provides
a number of insights.’® One trend pattern
that seems clear is that the shares of
households in different vehicle ownership
categories appears to be stabilizing, recon-
firming the sense that the rapid growth
years of the personal vehicle fleet in
America are past. (See figure 3-16.) On
average, the majority of households have
vehicles equal to or exceeding the number
of license holders, suggesting that there is

TABLE IEEEE

Percent of Households With No
Vehicles Available (by State)

1980 1990
New York 325 30.0
Massachusetts 16.5 14.3
Pennsylvania 16.6 15.2
lllinois 15.9 14.0
New Jersey 14.8 12.9
Louisiana 13.9 13.9
West Virginia 13.7 13.7
Mississippi 131 12.1
Kentucky 12.7 11.5
National Average 11.3 10.2
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FIGURE

Households By Vehicles Available Trends:

1960 to 1990
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something like saturation among house-
holds independent of the number of
drivers. In fact, 93 percent of households
with one licensed driver have one or more
vehicles; 83 percent of those with two
licensed drivers have two or more vehicles;
and of those with three licensed drivers, 73
percent have three or more vehicles.

Further indicators of stability in the
fleet include the facts that the share of
households with three vehicles actually
declined slightly between 1980 to 1990,
and that vehicles per worker also declined,
from 1.34 vehicles per worker to 1.32 in
the period.

It is more difficult to see indicators of
stability in the use of the vehicle fleet. The
1990 National Personal Transportation
Survey (NPTS) indicates that there has
been substantial growth in miles of travel
per vehicle.'* A key factor in these trends is
that there is no significant diminishing of
travel with increased household vehicle
ownership. All household vehicles average
about 12,500 miles per year, with only
about a 4 percent variation by number of
vehicles in the household.

What this means is that, on average,
households with three vehicles travel three
times as much as households with one
vehicle. Inspection of the locations of these
households provides some clarification of
the sense that adding cars causes added
travel. The decennial census is very reveal-
ing with respect to their locations. For the
most part the places with higher-than-aver-
age shares of households with three or

1990
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FIGURE (See figure 3-18.) Growth in women'’s travel

activity has been a significant factor in the

Vehicle Miles of Travel Factors of Change: overall trend. Women's daily trip rates now
1983-1990 exceed men’s, as they seek to juggle house-
hold duties and work trips. The substantial

Contributors To Change . . . s
Total Change  INncreases in driver’s licenses among women

_«—1983-1990 has resulted in significant shifts to the use

Population (13.0%) (40%) of the auto. As a result, the increase in trav-
el among working-age women was about

Auto Occupancy (16.6%) \ three times that of men in the same age
Change in group. The very low increase in travel for

Shift (16.6%) Vehicle Trips  men in this age group is perhaps an indica-
Per Capita tor of stability. This is the group that histor-

Trips/Capita (18.0%) / ically has had the highest average travel

miles and the group that showed the lowest
travel increase.

Vehicle Trip Length

(35.9%) Trucks and Buses

Trucks and buses account for over
more vehicles are not the states with afflu-  one—forth of all vehicle miles of travel in the
ent suburbs, but rather those with working
farms and ranches. The states with highest
shares in contrast to the national average TABLE
of 17 percent are Wyoming (27.4 percent), Average Annual Miles by Truck Type
South Dakota (25.4 percent), Montana
(25.2 percent), Utah (24.3 percent), and

North Dakota (23.6 percent). Vehicle Type Average Annual Miles
Analysis of travel behavior trends using
NPTS indicates that the major sources of > axje, 4-Tire Truck 12,103
travel increase have been in trip-length, -
. . . . Other Straight Trucks 12,656
trip making, and shifts from carpooling
and other modes to the single occupant  Combination Trucks 60,456
auto. (See figure 3-17.) Population increase  aj Trucks 13,877
accounted for only about 13 percent of the )
. . . . . Intercity Buses 50,000
increase in vehicle travel. Examination of
the sources of these trends are revealing.  Transit Buses 39,010
All Buses 9,097
Demand-Responsive Vehicles 20,857

FIGURE

Absolute Growth in Annual Miles Driven U.S. Much of that mileage is in personal-

by Male/Female and Age: 1983 - 1990 use vehicles', such as pick-ups and vans,
M rather than in large trucks and buses asso-
Miles i i i i
., 97 164 30 99 73 Raio clated W]th (_:ommerC|a! transpo_rtatlon.
500.0 Trucks with six or more tires, ranging from
4000.0 M local delivery vehicles to combination
3500.0 - trucks with three trailers, account for less
3000.0 than 10 percent of total vehicle miles of
2500.0 travel. While the share of total mileage is
2000.0 small, the annual average miles of travel for
1500.0 large vehicles is substantial. (See table 3-6.)
1000.0
500.0 I Travel of Other Vehicles
0.0

16-19  20-34  35-54 55-64 65+ . . .
The public transit fleet also contains

I Male Drivers 7] Female Drivers heavy railcars, light railcars, trolley



buses, and commuter rail vehicles. The
nation’s 10,700 heavy railcars average
50,000 per year per vehicle, while 4,550
commuter railcars log almost as many
miles (48,000 per vehicle). Light rail-
cars average about half that mileage,
and trolleys log only about 16,000 miles
per vehicle.

Amtrak

Overall, in the 1990s, Amtrak’s vehicles
operated in the range of 160,000-170,000
miles per year per vehicle. Diesel-fueled
locomotives average about 160,000 miles per
year and Amtrak’s few electric locomotives
operated at around 130,000 miles per year.*?

Vehicle, Aircraft, and Vessel Travel

U.S. freight cars operate in trains
averaging 71 cars, running about 20,000
miles per year. Intermodal activity con-
tinues to be a major growth area in rail-
roading. Trailer and container loadings
were 6.6 million units in 1992, more
than double the 1980 figure. Given that
total carloadings are down in that peri-
od, the share of total rail activity repre-
sented by intermodal traffic has grown
substantially.

The annual miles covered by nonmili-
tary aircraft varies by category of air-
plane, but the nation’s major aircraft
average 906,000 miles per year. (See
table 3-7.)

TAaBLE IEEEE

Aircraft Inventory and Use: 1991
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Shipping

The nation’s inland water and coastal
waterway shipping fleet consisted of 8,200
self-propelled vessels and 31,600 nonself-
propelled vessels. Of the self-propelled
fleet, about 4,700 are towboats and tugs.
Of the nonself-propelled fleet, the great
majority consists of dry cargo barges. The
total of coastwise, internal and lake-wise
ton-miles of travel approaches 800 billion
ton-miles of travel with an average length
of haul of 1,600 miles.

The U.S. Merchant Marine fleet con-
sists of approximately 620 vessels, includ-
ing passenger/cargo ships, freighters, bulk
carriers, tankers, and a growing fleet of
intermodal carriers.

Use of the System: What
More We Need to Know

A substantial number of occasions have
arisen in the development of this chapter
when it was necessary to accept the fact
that the data needed were not available in
the scale and quality required. Even in this
broad summary context, there are severe
weaknesses and gaps that challenge our
ability to describe the national system. As a
sampler, in lieu of a detailed inventory of
data deficiencies in this area, the following
observations are presented:

< Basic information on the geography
of travel and goods movement is not
yet available.

* Next to nothing is known about the
activities of large vehicle fleets (i.e.,
rental cars, company vehicles, and
vehicles owned by governments and
utilities, etc.).

Number Annual Miles . .
of Aircraft per Aircraft  Data on tourism flows, especially
international flows are extremely lim-
Alr Carrier Type |ted' in terms of pom_mts _of_ travel_ers,
their characteristics, itineraries,
Total 4580 842,000 expenditures, and the character of
Major 3782 906,000 movements. This will be increasingly
National 584 590,000 crucial in the future. .

: « The ability to establish the ways in
Regional 214 401,000 which businesses use transportation
General Aviation Type is very limited. Knowledge of the
Total 198,474 22777 physical mveptory apd the use mac_je

of transportation equipment and facil-
Personal 115,000 — ities owned by all industries—in terms
Business, Etc. 83,000 — of kinds of vehicle fleets owned, spe-
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cial terminals and loading and
unloading facilities is basically
unavailable. This will be central to
effective intermodal planning. Data
regarding corporate expenditures for
passenger and freight services is also
seriously limited.
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CHAPTER IsioRUA

HOW WELL
dloes It
WORK?

ransportation is a part of the value of virtually

every good or service produced in our economy It

is also an important part of our culture and quali-
ty of life. The performance of our transportation system is
critical to our national social well being and international
competitiveness. Government policies directly or indirectly
affect the performance of nearly every mode and component
of the transportation system. Investment in infrastructure,
roads, airports, and terminals, and traffic management are
perhaps the most obvious ways in which government policies
and actions affect system performance. But other policies
affect performance in more subtle ways, for example through
intermodal integration or competition. Comprehensive new
policies, such as the Intermodal Surface Transportation
Efficiency Act of 1991 (ISTEA), have established new ground
rules for investment, operation, and intermodal integration.
It is important that we develop and monitor meaningful
indicators of transportation system performance, not only to
track trends and look for problems, but also to evaluate how
well new policies are working.

tion system achieves its primary purpose. It
deals with accessibility, circuity, speed, and
reliability. Maintaining and improving the
performance of the system requires plan-

The Purpose of the
Transportation System

It has been said that the purpose of
transportation is to overcome the friction of
distance, to make places that are separated
in space as close together as practical. This
chapter explores how well our transporta-

ning, investment, maintenance of infra-
structure, and effective day-to-day
management and operation. The trans-
portation system of the United States is
extensive and places are, generally speak-
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ing, well connected. As our transportation
system matures, maintaining and improv-
ing performance becomes an increasingly
complex and difficult task, demanding the
balancing of safety, environmental, land
use, economic, and other objectives with
the benefits of an effective transportation
system. In a mature system such as ours,
the emphasis increasingly shifts from
expanding capacity by means of new physi-
cal infrastructure to capacity enhancement
through operating efficiency improvements
and management of demand.

To bring people and places closer
together, transportation networks must be
available and accessible to the customers
they serve. Accessibility of the transporta-
tion systems to potential users is the most
basic aspect of performance. The direct-
ness of the connections—or circuity—is
also important because it determines the
effective distances between places. But
accessibility of transportation is not only a
matter of physical presence; it is also a
matter of availability to potential users.
That is, accessibility is not only a matter of
efficiency; it is a matter of equity as well.
All citizens, and all places should have the
opportunity for reasonable and fair access
to the transportation system.

Time is perhaps the most critical factor
in transportation performance. Timeliness
comprises not only average speeds, but
also variability in terms of delays and
interruptions of service. Although data on
average speeds for many modes are inade-
quate to determine trends accurately, it
appears that overall average velocities are
either increasing or holding steady. If this
seems contrary to intuition, it is because
delays (the variability of speed) appear to
be increasing in highway and air travel, at
least. Congestion of the highway system,
especially in the largest urban centers,
appears to be steadily growing. Even here
our information is weak, hampered by the
difficulty in agreeing on meaningful and
consistent definitions of delay and conges-
tion, and by inadequate national measure-
ment and information systems. Data on air
delays suffer from having been designed to
monitor individual airline performance
rather than overall system performance.

Time is also crucial to intermodal trans-
port, as delays in transferring from one
mode to another can be critical to the com-
petitiveness of intermodal shipment.

Unfortunately, we know little about the
performance of the system in this area.

A final element of performance cov-
ered in this chapter is the vulnerability of
our transportation system to catastrophic
interruptions by floods, hurricanes, earth-
quakes, and other disasters—whether nat-
ural or caused by human hands. This past
year, record-breaking floods in the
Midwest caused wholesale closures of
waterways, railroads, highways, and even
airports in the flood-ravaged areas. Two
years ago, major earthquakes in Northern
California caused major damage to high-
ways and other infrastructure.

Do all regions and all citizens have
adequate access to the national trans-
portation system? Have we built the infra-
structure necessary to connect our nation?
Are modes effectively connected so that
the system can function as an efficient and
integrated whole? Are we managing the
system so as to increase its proficiency in
moving people and goods quickly and reli-
ably? Is our transportation system robust
enough to stand up to disruptions—natur-
al or otherwise? Have we responded effec-
tively to past emergencies? At present, we
can only begin to answer these questions.

Accessibility

The national transportation network is
primarily composed of five major systems:
highway, rail, waterway, air, and mass
transit. This section discusses the accessi-
bility of these systems, primarily in terms
of the extent of the network infrastructure
and the number of Metropolitan Statis-
tical Areas (MSAs) traversed by each net-
work. (See tables 4-1 and 4-2.) Although
this does not indicate the accessibility to
the entire population of the United States,
it does provide some insight into the avail-
ability of services to most of the nation’s
population centers.

Aside from geographic proximity, the
ability of individuals (especially those
with handicaps) to utilize these networks
is another important aspect of accessibili-
ty. Therefore, the status of systems pro-
viding passenger service in compliance
with the Americans with Disabilities Act
(ADA) requirements is also discussed in
this section.



Highway Network

The highway network is the most
extensive transportation facility in the
United States, consisting of nearly four
million miles of roadway that serve all
Metropolitan Statistical Areas (MSAS).
This system is the primary mode of per-
sonal transportation and an important
mode of commercial transportation as
well. The large-scale use of this system can
be attributed to its accessibility; using this
system, it is possible to travel to almost
any location within the continental U.S.

The Federal-Aid Highway Acts of 1944
and 1956, along with the Highway Revenue
Act of 1956, established the National
System of Interstate and Defense Highways
in the United States. The Interstate System
connects, as directly as practicable, the
nation’s principal metropolitan areas,
cities, and industrial centers. It also serves
the national defense, connecting with
routes of continental importance. In 1991,
the Interstate System goes through 87 per-
cent of all MSAs.

Now that the Interstate System is essen-
tially complete, attention has turned to
defining a National Highway System serv-
ing all major communities more compre-
hensively than the system of Interstate
Highways. In comparison, railroads have
access to 99 percent while 97 percent have
some form of air transport service. A key
issue in defining the new National Highway
System will be its relationship to the other
modes and its role in a intermodal national
transportation system.

Railway Network

Almost every large community in the
nation is connected to the rail freight sys-
tem. In 1991, the railroad network served
99.4 percent of MSAs in the U.S. Used pri-
marily for transporting bulk commodities
for the agricultural and industrial sectors,
the majority of railroad tonnage is com-
prised of commodities such as grains, live-
stock, coal, ores, and machinery parts. In
1991, the railroad system was responsible
for transporting more than a trillion ton-
miles of freight within the United States.

Although railroads primarily transport
freight, passenger service is also provided by
Amtrak on the rail network. Amtrak does
not operate on its own mainline track—
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except for the Northeast Corridor between
Washington and Boston—but rather on
track owned by other railroad companies.
In 1991, Amtrak operated 25,000 route
miles out of 523 stations and completed
nearly 6.3 billion passenger-miles. Amtrak
provides both commuter and long-distance

TABLE

IL VVOIKY/

Extent of Transportation Infrastructure

Network Facilities Extent (Miles)
Highway
Interstate 45,280
Other Expressways 7,714
Arterials 355,923
Collectors 807,334
Local 2,673,048
Air 6,818 airports 386,889
Primary 394 airports
Commercial 172 airports
General Aviation 6,252 airports
Rail 173,808?
Class | 129,8392
Regional 19,6622
Local 24,3072
Amtrak 253 stations 25,0002
Waterway 188 ports
Ocean 119 ports
Inland 69 ports 125,777
160 locks
Petroleum Pipeline 203,828
Crude 115,860
Products 87,968

1 U.S. Route Airway Mileage. Includes direct low altitude and jet routes. Converted from

nautical miles for comparison purposes.
2 Route miles operated.

services and is accessible to 53.7 percent of
MSAs in the U.S. (See figure 4-1.)

Waterway Network

The waterway network is the oldest
transportation system in the United
States. It was by ship that Europeans first
reached America, and much of the early
trade among the colonies and with other
countries was carried out via the Atlantic
Coast. The current waterway network is
much more complex, consisting of rivers
such as the Mississippi and the St. Lawrence;
the Great Lakes; various sea ports on the
Atlantic, Pacific, and Gulf coasts; as well
as a number of constructed canals and
waterways. Like the railroad, the water-
way system primarily transports bulk
commodities. Unlike rail, it is geographi-
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cally limited by the extent of navigable
waterways. Barges operating on inland
waterways transport such freight as grain
and coal. Sea-going vessels primarily carry
goods and commodities for import and
export, and a large amount of domestic oil
from Alaska is transported to the conti-
nental U.S. via large supertankers. The
waterway system serves 49.55 percent of
MSAs and is an important mode of both
foreign and domestic transportation.

Air Network
The air network consists of airports

ranging in size from tiny, privately-owned,
general aviation airports to gigantic

Amtrak Railroad Network

international airports served by major air-
line companies that transport freight
and/or passengers around the world.
Airports served by major airlines are quite
common and can be found in 69.6 percent
of all MSAs. (See figures 4-2 and 4-3, and
table 4-2.) Those at which foreign enplane-
ments take place, however, are restricted to
large population centers and/or major car-
rier network hubs. Such airports can only
be found in 9.85 percent of MSAs in the
U.S. Commuter and air taxi services, on the
other hand, are available in 77.3 percent
and 97.3 percent of MSAs, respectively.

The air passenger transport system has
evolved into a very pronounced hub and
spoke structure. Flights from small and
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medium-sized cities are routed to major
hubs, where passengers are consolidated
onto flights to their final destinations.
Major hubs account for more than one-
third of all enplanements. (See table 4-3.)
The hub and spoke structure permits more
efficient use of aircraft and is no doubt
largely responsible for continuing increases
in airline load factors, as well as more fre-
quent service. (See table 4-4.) At the 50
busiest air carrier airports, an average of
530 take-offs and landings (combined) were
performed per day in 1991. On the other
hand, the hub and spoke system may
increase circuity, increasing the distance
traveled from origin to final destination, and
possibly the travel time, as well, but existing
data do not contain this information.

Mass Transit

Mass transit includes all multiple-occu-
pancy-vehicle passenger services of a local
and regional nature provided for general
public use. In 1991, there were more than
5,000 transit systems in the U.S., 1,500 of
which operated more than one mode.
Furthermore, it is estimated that approxi-
mately 8.6 billion trips were taken on
mass transit systems and that about 6.5
million people used these systems each
weekday. (See table 4-5.)

The motor bus is the most widely used
form of mass transit and can be found in
medium to large population centers. Their
wide-spread use comes mainly from the
fact that they are relatively inexpensive
and rely only on the highway system to
operate. In 1991, approximately 2,700
transit systems operated motor buses, ser-
vicing 5.7 billion trips. An estimated 45.7
percent of all MSAs have this type of tran-
sit service. (Table 4-2.)

Demand response is another common
form of mass transit which operates on the
highway network. However, rather than
keeping a daily route and schedule like most
mass transit systems, demand response
operates as an on-call service, meeting indi-
vidual transportation needs (usually for per-
sons with disabilities or the elderly). About
3,900 mass transit systems provided
demand response service in 1991, and forty
percent of MSAs had such systems.

Rail-based mass transit systems are less
common than highway-based systems,
and their use is usually restricted to large
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TABLE IEEFE

Transportation Network Accessibility

by Mode: 1991

Mode MSAs Served Percentage of
MSAs Served
Railroad 333 99.40
Amtrak 180 53.73
Waterway 166 49.55
Interstate 293 87.46
Air
Major 233 69.55
Commuter 259 77.31
Air Taxi 326 97.31
Foreign 33 9.85
Mass Transit
Motor Bus 153 45.67
Demand Response 134 40.00
Van Pool 17 5.07
Trolley Bus 5 1.49
Heavy Rail 10 2.99
Light Rail 17 5.07
Commuter Rail 9 2.69
Intermediate Rail 0 0.00
Automated Guidance 2 0.59
Inclined Plane 3 0.89
Ferry Boat 4 1.19

TABLE IEEER

Enplaned Passengers for the Top Ten
U.S. Airports: 1991

Enplaned Percent of Total
Air Traffic Hub Passengers Enplanements
Chicago, IL 28,816,463 6.73
Dallas/Ft. Worth, TX 25,448,951 5.94
Los Angeles/Burbank/
Long Beach, CA 23,348,631 5.45
Atlanta, GA 17,691,130 4.13
New York, NY 17,439,839 4.07
San Francisco/Oakland, CA 16,987,581 3.97
Miami/Ft. Lauderdale, FL 12,761,352 2.98
Denver, CO 12,313,733 2.87
Houston, TX 11,585,160 2.70
Washington, D.C. 11,340,673 2.65
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Primary Commercial Airports

population centers. Rail-based mass tran-
sit serviced an estimated 2.7 billion trips
in 1991. A small number of MSAs were
serviced by such systems, but these are the
largest metropolitan areas in the nation.
Ferryboat is the only water-based mass
transit service. Only 1.2 percent of all
MSAs had this type of service in 1991.

Accessibility of Public Transportation
Systems: Americans with Disabilities
Act Compliance

The Americans with Disabilities Act
(ADA) of 1990 was implemented to remove
barriers to equal opportunity, provide full
societal access, and guarantee protection
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against discrimination in both public and pri-
vate services to qualified individuals with dis-
abilities. ADA changes the manner of
providing transportation services in the U.S. Its
accessibility requirements cover all modes of
public and private transportation except air
travel, which is covered by the Air Carriers
Access Act of 1986 and related US Department
of Transportation (DOT) regulations.
Implementation of ADA rules and regu-
lations is well underway and is an ongoing
process. Data collected by DOT'’s Federal
Transit Administration (FTA), from 458 fed-
erally-assisted transit agencies in urbanized
areas, indicate that 50 percent of the nation-
wide fleet of 52,500 buses are accessible
with lifts or ramps. The American Public
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TABLE I

Load Factors and Service Frequency of Domestic Passenger Service

Year Total Air Carrier Operations/Day Passenger
Operations Load Factor
(Percent)
1980 9,956,045 27,277 59.7
1981 9,339,067 25,586 59.3
1982 9,156,496 25,086 59.8
1983 9,907,170 27,143 61.4
1984 11,110,294 30,439 59.8
1985 11,450,621 31,372 62.1
1986 12,523,570 34,311 60.8
1987 13,092,751 35,871 62.3
1988 12,741,239 34,908 62.9
1989 12,484,530 34,204 63.6
1990 12,948,295 35,475 62.7

1991 12,336,595 33,799 62.6
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Tonnage for Selected U.S. Ports
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Transit Association (APTA) estimates that TABLE kg

67 cities have lift- or ramp-equipped vehi-
cles on 100 percent of their routes. Population of MSAs Serviced by Mode of
FTA completed review of 540 plans Mass Transit

required from transit agencies to imple-

ment ADA complementary paratransit ser- Mode Population of Percent of
vice requirements over a five year phase-in LSS e
period ending in 1996. As of year-end 1993,
18 percent of paratransit systems were tar-
geted to be in full compliance. Recurring  Demand Response 128,315,000 52.2
capital and operating compliance costs of

Motor Bus 141,117,000 57.4

’ : Van Pool 27,516,000 11.2
ADA complementary paratransit services
are estimated at $700 million per year. Trolley Bus 13,056,000 53
The ADA required “key” rail stations Heavy Rail 37,501,000 15.3
_(e.g., those gene_ratlng high de_mand, pr_owd- Light Rail 48,880,000 19.9
ing transfer points between lines, or inter-
Commuter Rail 39,959,000 16.3

facing with other transportation modes) on
rapid, light and commuter rail systems to be  Ferry Boat 15,115,000 6.2
accessible by July 1993. FTA estimates 500
of 708 key stations are wheelchair accessible.




DOT granted 284 key stations time exten-
sions beyond the ADA compliance deadline
due to extraordinary structural expenses.
DOT denied time extensions requests for
115 key stations which are in probable non-
compliance. The one-time capital cost of
ADA key station implementation is estimat-
ed to be $907 million for 36 rail operators.
ADA’s compliance deadline for rapid,
light, commuter, and Amtrak rail operators
to provide one accessible car per train is
July 1995. Currently, only rapid railcars are
accessible to wheelchairs. Rapid, light, and
commuter railcar car modification costs
are estimated at about $15 million per year.
Many Amtrak stations are providing
accessible service with station-based lifts to
accommodate passengers in wheelchairs onto
railcars. Amtrak is purchasing new accessible

Metropolitan Statistical Areas
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railcars and expects to meet ADA's one acces-
sible car per train compliance deadline. All
Amtrak stations must meet ADA require-
ments for full accessibliity by July 2010.
APTA will begin to compile informa-
tion regarding ADA compliance as part of
its 1992 fleet data collection efforts. These
data should be available in the spring of
1994. The degree of compliance by the 550
U.S. public transit systems will be includ-
ed in the publication, but data on the
approximately 3,000 dial-a-ride services
operating in the U.S. will not be included.

Intermodal Facilities
Intermodal facilities serve the movement

of both freight and passengers and can be as
simple as a bus terminal or as complex as an
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international airport or waterway port. The
primary purpose of these facilities is to per-
form intermodal transfers so that the most
appropriate mode can be used for each seg-
ment of a trip or shipment. These compo-
nents of the transportation system require a
somewhat more intricate form of accessibili-
ty: Various modes must be effectively linked,
physically, via intermodal transfer facilities.
For freight movements, four basic inter-
modal connections predominate: rail-truck;
ship-truck/rail; pipeline/ship-truck connec-
tions facilitated at ports and sea terminals;
and truck-air connections facilitated at air-
ports. (See figures 4-4 and 4-5.)

Over the last decade, trailer-on-flat-car
(TOFC) and container-on-flat-car (COFC)
shipments have almost doubled. To accom-
modate these movements, there are current-
ly 53 TOFC facilities, 5 COFC facilities, and
207 facilities that both service TOFC and
COFC intermodal connections. (Figure 4-5.)

Network Circuity

Circuity is the ratio of the actual distance
traveled to the great circle distance. It can be
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used as an indication of both network acces-
sibility and efficiency. Less circuitous, or
more direct, routes make destinations more
readily accessible or convenient in terms of
distance; they also make goods and services
arriving from other locations are more acces-
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sible. The construction of a national highway
network has been an attempt to provide more
direct transportation routes, especially among
major population and industrial centers. As a
result, the national highway system is mini-
mally circuitous. This is especially true for
routes between population centers. Highway
network circuity between Metropolitan
Statistical Areas is an average of 1.16. (See
figure 4-6.) The Interstate System is slightly
more circuitous than the overall highway net-
work. The inter-MSA Interstate circuity is 1.3
on average. (See figure 4-7.) Thus, for the
most highway travel in the continental U.S.,
the actual distance is usually only 15-20 per-
cent farther than the great circle distance (“as
the crow flies”). However, it must be remem-
bered that distance is only one of the factors
affecting network accessibility and efficiency:
Delays and congestion resulting from capaci-
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FIGURE lines, regardless of whether it is the least cir-
cuitous route. Also, freight is not normally

Railroad Circuity transferred between rail companies to ensure
o that it is shipped via the least circuitous route.
Cireuity However, if rail line ownership is disregarded,

the inter-MSA circuity of the freight rail sys-

1.0
= tem would be an average of 1.22. (See figure

12 4-8)) The actual system circuity is, of course,
1.4 = greater than this, however, it has not yet been
16 E determined how much greater.
Rail passenger circuity is much easier to
18 estimate since the Amtrak schedule is fixed
2.0 and it has no major national competitor.
22 The inter-MSA circuity for Amtrak is an
average of 1.7. (See figure 4-9.)
24 | Waterway network circuity is related to
2.6 the location of navigable bodies of water.
Thus, waterway travel is much more cir-
2.8 | . . .
‘ cuitous than that of highway- and rail-
30 . based modes. The inter-MSA waterway
32 circuity is and average of 2.44. (See figure
a4 ‘ 4-10.) Circuity can be reduced by the con-
' struction of canals to connect waterways.
3.6 ¢ Circuity is most interesting when dis-
38 cussed in connection with intermodal
transportation. The concept of using the
40 - -
& over rail system as a bridge between the
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ty constraints are also factors.

The air network also faces a number of ~ Circuity
issues related to efficiency, accessibility, and 10
circuity. Since deregulation, airlines have
switched from a less circuitous direct-flight

system to a more-circuitous hub and spoke 20 =
system. In terms of accessibility, increased =
flight distances have made destinations less 30 §
readily accessible. However, the reduced E
fares resulting from this system has made air 40 £
transportation more affordable, which
means it is more accessible financially. Thus, 5.0
it is difficult to determine whether increased
circuity has made air transportation more 6.0
accessible or less accessible. It is likewise dif- '
ficult to determine whether or not this trend
has improved efficiency. The hub and spoke 7.0
systemn has increased the number of revenue-
miles required to transport freight and pas- 8.0
sengers, but it has also allowed airlines to
increase aircraft load factors. 9.0

Rail network circuity is difficult to deter-
mine. Although the shortest distance by rail is 10.0

easily estimated, actual train routes are deter- | | | | |
mined primarily by rail line ownership. 0 5 10 15 20
Freight trains operate primarily on their own Frequency (Percent)
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TABLE IEEG:E

Average Speed, Trip Length, and Travel Time Statistics for Work-Related Trips

Mode Travel Time Trip Length Calculated Speed
(Minutes) (Miles) (mph)
Privately Operated Vehicle 19.0 11.0 34.7
49.9 12.6 15.2
9.6 0.5 31
19.7 10.7 32.3

Atlantic and Pacific Oceans rather than
shipping through the Panama Canal or
other waterway routes was developed as a
method of decreasing the circuity of ship-
ments. There is currently little known
about the circuity of intermodal transport.

Timeliness and Reliability

Probably the most important quality of
transportation performance is speed. To the
user, faster and cheaper almost always mean
better. For some modes, such as air passen-
ger travel, our knowledge of average speeds
is quite good. For other important modes,
such as highway passenger and freight trav-
el, our knowledge is piecemeal, and in many
cases, questionable. In addition, there is
more than one way to meaningfully measure
speed. Passenger aircraft speeds are typically
measured from gate to gate, or from take-off
to landing (airspeed). Of greater interest to
the traveler, however, may be the distance
from origin to final destination divided by
the total time required, including transfers
and layovers. To the transit bus rider, time
waiting for the bus is as important a part of
travel time as the time spent riding.
Similarly, to the motorist time spent sitting
in traffic jams, waiting for a light to change,
or searching for a parking space is all part of
the speed of travel. Survey data provide the
best approximation we currently have to
total trip speeds. These data indicate that for
the journey to work, privately operated high-
way vehicles get travelers to work twice as
fast as transit. (See table 4-6.)

Despite the perception that transporta-
tion systems are becoming increasingly con-
gested, what information we have on travel
speeds suggests that average speeds are hold-
ing their own or even improving. Rail freight

movements have clearly speeded up, and air
and highway speeds seem to be holding con-
stant. Most surprisingly, survey data suggest
that commute trip lengths have become
longer while commute travel times have
remained constant, implying that commuters
are traveling at faster speeds. If this is true, it
may be more a reflection of the dispersion of
jobs to less dense urban areas than an indica-
tion that highway travel conditions are
improving. But the evidence is indirect, com-
ing from survey responses rather than actual
measurements. What data we do have on
highway speeds comes from the higher order
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systems (freeways, expressways, and FIGURE
Interstates) and is not collected so as to be a

valid representation of the entire traffic
stream, but rather to monitor compliance
with national speed limits. Moreover, for all
systems we need to know more about actual  average Velocity

speeds that are meaningful to system users: 1982 [IIIEERRRRRNIN

Speed, Length of Haul, and
Travel Time Statistics - Railroad

travel times and distances from origins to
final destinations, including transfers, delays, E————
and interruptions of service. About these L —
aspects of speed we know relatively little. 1985 ORI
This section discusses trends in travel .
time, velocity, and trip length for the rail,
air, highway, and mass transit networks N
(no Watgmay data was cgrrently available). 1088  ENMIIRMIRRY
Trends in work-related trip speeds, lengths, .
and travel times are also discussed.
B
System Speed and Travel Times 1001
\ \ \
Railroad Speed, Length of Haul, and 15 20 25
Travel Time.> From 1982 to 1991, the aver- Miles/Hour

age length of haul increased significantly, Average Length of Haul
from 628.8 miles to 751.9 miles, or almost
i . ; . 1052 I
20 percent. During this same time, the esti-
mated average velocity increased from L
21.42 mph to 23.72 mph, almost an 11 per- B
cent increase. The average trip travel time 1085 EENEMRN
(estimated using average velocity and length

of haul) has fluctuated over these years but L

does indicate a noticeable upward trend. IR

(See figure 4-11.) 1000 M
Aircraft Speed, Flight Stage Length,

and Travel Time.? The average velocity, B

flight stage length, and travel time for air- [

craft flights have remained almost constant 145, EEEEGEGEGEEEEEEEEE
between 1988 and 1992. During these years, | | | |

the average velocity has fluctuated between 600 650 700 750
405.71 and 409.35 with no apparent trend. Miles
The average flight stage length has also fluc-

tuated (between 563.2 miles and 588.4 Average Trip Travel Time
miles) with a slight upward trend. The aver- los2 NMMMMEMMETT

age flight stage travel time (estimated using HEE

average velocity and average flight stage N

length) has remained around 1.4 hours with

no significant change. (See figure 4-12.) 1005 NN
Mass Transit Velocity, Passenger Trip BN

Length, and Passenger Trip Travel Time.3 —

The average velocity and passenger trip

length estimates for the overall mass tran- 1985 [N
sit system show no particular trend in B
operations between 1986 and 1991. Only N

light-rail and demand response systems

show an increase in trip length and veloci- 1901 N0

ty; statistics for other systems have \ \ \ \
remained constant or fluctuated with no
apparent trend. The average passenger trip
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travel time statistics for these systems
indicate similar results as trip length and
velocity were used to estimate travel time.
(See figures 4-13 through 4-16.)

Highway Speed. Urban interstate and
expressway traffic shows a steady, but
slight, increase in speed. (See figure 4-17.)
However, highway speed data are collect-
ed for annual certification of speed limit
enforcement rather than for statistical rep-
resentation of system performance.

Intermodal Transfer Time. The most
efficient use of the transportation system
requires that users be able to select the
most appropriate mode for each segment
of a trip or shipment. Unless intermodal
transfers are fast and efficient, the poten-
tial time and cost efficiencies of combin-
ing modes can be lost. At present, our
knowledge of intermodal facilities is
scant, and our ability to assess the ade-
quacy and efficiency of intermodal con-
nections is virtually nil.

Work Trip Speed, Length, and Travel
Time.* Work trip speed and trip length
increased steadily between 1974 and 1989.
(See figure 18.) However, these two fac-
tors have canceled out one another, result-
ing in a fairly constant travel time. This
trend holds true for both renters and
homeowners. Home owners have consis-
tently traveled around two to four miles
farther than renters and at a speed of
around five miles per hour faster. Still, the
travel time for home owners exceeds that
of renters by approximately two minutes
on average.

Delays and Reliability

Speed describes the average velocity of
transportation; delay and reliability
describe its variability around the mean.
In many cases the variability is just as
important as the average. With increasing
emphasis on just-in-time and lean produc-
tion techniques, timeliness is becoming as
important in goods movements as in pas-
senger transport. Although there are many
threats to the timeliness of transport sys-
tems (mechanical failure, human error,
even weather) undoubtedly the greatest
problems are caused by traffic congestion.
Congestion is a serious problem for infra-
structure with a fixed capacity that experi-
ences peak demands. Morning and
evening rush hours are the most familiar



examples, but transportation facilities also
become congested on holidays, for special
events, and during emergencies.

By definition, congestion occurs
whenever demand on a system exceeds
its design capacity. On many systems
(e.g., highways) throughput actually
declines as congestion increases because
speed decreases faster than the density of
vehicles increases. Unwillingness or
inability to expand capacity to keep pace
with growing travel demand is a key fac-
tor in growing traffic congestion in the
United States.

In the U.S., highway vehicle travel has
grown much faster than highway capacity.
Lane miles of every type of highway have
grown more slowly than highway use. (See
table 4-7.) Since 1985, however, lane miles
of capacity, and capital expenditures have
increased. (See figure 4-19.) This recent
increase however, was only sufficient to
bring levels of capital expenditure back to
the levels of the 1960s (in constant dollars).

Highway travel is not the only mode
with constant or declining investment in
capacity expansion. Both capital and
maintenance expenditures by railroads
have decreased as miles of roadway have
contracted. (See table 4-8.) Despite sub-
stantial growth in the number of passen-
ger enplanements and airport operations
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(takeoffs and landings) the number of
major and minor airport hubs in the U.S.
has remained essentially constant. We
lack, however, an adequate measure of the
capacity of these facilities.

Highway. Highway congestion and
delays continue to increase. Statistics
derived from data collected in the
Highway Performance Monitoring System
(HPMS) indicate a general worsening of
traffic congestion as measured by the
Roadway Congestion Index and increasing
hours of traffic delay. (See figures 4-20

and 4-21.) Although about half of all traf-
fic delays are caused by incidents (acci-
dents, breakdowns) rather than recurring
high volumes, congestion exacerbates inci-
dent delays to such an extent that there is
a nearly perfect correlation between total
hours of incident delay and recurring
delay. (See figure 4-22.) Finally, although
traffic congestion is perceived to be a
ubiquitous national problem, it is in fact
highly concentrated in the largest urban
areas. The two largest cities, Los Angeles
and New York, account for about one

TABLE EENE

Highway Vehicle Miles Traveled versus Lane Miles (Rural)

Interstate Rural Other Arterial Other Rural All Rural
VMT Lane VMT Lane VMT Lane VMT Lane

Year (Millions) (Miles) (Millions) (Miles) (Millions) (Miles) (Millions) (Miles)
1981 139,304 n/a 267,220 n/a 193,508 n/a 600,032 n/a

1982 142,546 n/a 270,021 n/a 195,058 n/a 607,625 n/a

1983 145,250 n/a 273,408 n/a 200,649 n/a 619,307 n/a

1984 149,139 131,315 280,817 510,189 301,878 1,469,201 631,834 2,110,705
1985 154,275 131,808 282,595 509,832 206,526 1,465,311 643,396 2,106,951
1986 159,477 131,973 290,148 513,579 208,118 1,461,906 657,743 2,107,458
1987 171,866 133,521 301,974 512,557 218,664 1,465,889 692,504 2,111,967
1988 181,284 134,441 312,036 514,465 230,492 1,467,716 723,812 2,116,622
1989 191,120 134,969 322,619 514,084 235,267 1,464,508 773,563 2,116,701
1990 200,573 135,858 331,226 517,222 241,764 1,464,508 773,563 2,117,588
1991 205,011 136,477 334,849 517,965 245,609 1,465,903 785,469 2,120,345

TABLE Y

Highway Vehicle Miles Traveled versus Lane Miles (Urban)

Interstate Urban Other Arterial Other Urban All Urban
VMT Lane VMT Lane VMT Lane VMT Lane

Year (Millions) (Miles) (Millions) (Miles) (Millions) (Miles) (Millions) (Miles)
1981 166,479 n/a 483,196 n/a 80,587 n/a 730,262 n/a
1982 175,879 n/a 514,387 n/a 83,726 n/a 773,992 n/a
1983 192,470 n/a 533,004 n/a 86,827 n/a 812,301 n/a
1984 204,304 56,028 560,613 526,871 87,893 160,100 852,810 582,899
1985 216,160 57,327 576,170 534,005 89,552 162,203 883,882 591,332
1986 231,177 58,831 602,247 539,932 90,251 160,704 923,675 598,763
1987 245,339 59,831 638,680 554,176 95,964 164,395 979,983 614,007
1988 258,662 60,680 668,037 556,007 99,245 164,710 1,025,944 616,687
1989 270,652 61,854 683,815 560,633 10,1259 167,699 1,055,726 622,487
1990 278,404 62,306 698,154 564,410 10,3756 167,218 1,080,314 626,716
1991 285,325 62,936 707,631 565,828 10,7272 164,752 1,100,228 628,764




third of the hours of delay experienced in
the 50 largest U.S. cities and one-fourth of
the delay in the 300 largest MSAs. (See
table 4-9 and figure 4-23.)

An alternative to expanding capacity is
to attempt to manage use of transporta-
tion facilities or manage transportation
demand to mitigate the peaking of
demand. Because the next user of a con-
gested system bears only a small fraction
of the additional delays he or she causes,
transport systems with essentially free
access are unable to ration their use effi-
ciently and are thus prone to congestion.
Highways and airports are the most
notable examples. Freeway ramp meter-
ing, congestion tolls, and road pricing are
all directed at better rationing scarce
transportation infrastructure. The major
thrust of the Intelligent Vehicle-Highway
Systems movement is to increase the
capacity of highways without building
more lane miles by means of better driver
information, improved areawide traffic
management, and eventually automated
vehicle control. Gauging the success of
these efforts will be critical to future trans-
portation policy and planning.

Traffic congestion problems have
steadily worsened, thereby increasing traf-
fic delays, fuel consumption, and air pollu-
tion while decreasing productivity. The
total delay for the five most congested
metropolitan areas (Los Angeles, New
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York, San Francisco, District of Columbia,
and Chicago) constitutes more than half of
the total delays of the 50 most congested
metropolitan areas. (See table 4-10.) These
increases have prompted federal, state,
and local highway agencies to rank urban
traffic congestion as a top priority.

Without any measure to curb future
travel demands, additional capacity is
required to alleviate congestion. However,
due to the scarcity and cost of right-of-
ways, high construction costs, and envi-
ronmental considerations, it is becoming
increasingly difficult to increase the lane-
miles of infrastructure in many urban
areas. Thus, to address the needs of severe-
ly congested corridors, other improvements
and initiatives must be implemented in
conjunction with, or in place of, roadway
expansion.

Highway Congestion and Reliability.
The maintenance of the existing highway
system is an important factor in its relia-
bility. (See chapter 2.) According to the
Federal Highway Administration, overall
highway and bridge conditions have been
improving slightly in recent years.

Air Transport Congestion and
Reliability. Airports also experience con-
gestion. Of the 566 primary and commer-
cial airports in the United States, 30 (or 5.3
percent) operated above their National Plan
of Integrated Airport Systems (NPIAS)
annual capacity rating. (See table 4-11.)

Air carriers report on-time perfor-
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mance by certain rules that do not neces-
sarily reflect the delays a passenger may
encounter. If a flight is not more than 15
minutes late departing or arriving, it is
considered on time. If a flight is delayed by
weather conditions it is reported as not on
time, whereas a delay due to a mechanical
problem is not. The percentage of flight
operations reported as arriving on time
increased from 76.3 percent in 1989 to
82.3 percent in 1992. (See figure 4-24.) In
1991, passengers were more likely to expe-
rience delays in arrivals and departures in
the evening hours (4:00 p.m. to 9:00 p.m.)
instead of in the early morning. (See fig-
ure 4-25.)

Passengers traveling by air are also
subjected to delays because of over-
booking. Although the number of invol-
untary denied boardings has declined
from 167,000 in 1986 to 46,000 in 1992,
the number of voluntary denied board-
ings has increased, probably due to
incentives offered by the airlines. (See
figure 4-26.)

Intercity Rail Passenger Congestion
and Reliability. Amtrak passenger trains
have improved on-time performance from
1988 to 1991. (See figure 4-27.)
Systemwide, 77 percent of trains were on
time in 1991, up from 71 percent in 1988.
Long-distance on-time performance for
Amtrak has been more 20 percent less
than short-distance performance over the
last four years. The reliability of rail
freight movement cannot be determined
due to the lack of comprehensive, consis-
tent, public data sources.
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System Vulnerability:
Impact of the 1993 Midwest
Flood

An important indication of the trans-
portation system’s reliability is its perfor-
mance during instances of natural
disasters and other large-scale catastro-
phes. Natural disasters such as floods,
hurricanes, and earthquakes have the
potential to damage infrastructure severe-
ly and disrupt the movement of people
and essential commodities. The ability of
the system to overcome such disruptions
is essential, both to the continuation of
national productivity and to the recovery
of the impacted area.

This section discusses the impact of
the 1993 Midwest flood on the national

TABLE IEEER

Railroad Capital and Maintenance Expenditures: 1960-1992

Capital Expenditures
Current Dollars Constant 1990 Dollars

Maintenance Expenditures
Current Dollars

Constant 1990 Dollars

Year (In Thousands) (In Thousands) (In Thousands) (In Thousands)
1960 285,664 1,240,441 1,191,690 5,174,685
1965 327,084 1,300,274 1,235,801 4,912,744
1970 358,344 1,152,622 1,612,585 5,186,919
1975 486,417 1,116,189 2,408,980 5,527,924
1980 953,467 1,501,345 4,940,091 7,778,749
1985 3,458,015 4,135,698 4,332,663 5,181,755
1990 2,643,966 2,643,966 4,278,075 4,278,075
1992 2,736,002 2,528,066 4,373,006 4,040,658

Note: A change in the accounting practices of railroads after 1980 caused some changes in the definition of capital and maintenance expenditures.



transportation system. The impacts on the
air, highway, waterway, and rail networks
are discussed in terms of the number and
extent of closures resulting from the flood,
the number of MSAs in which closures
occurred, the impacts on related indus-
tries, and damages to the network infra-
structure. (See figure 4-28.)

This information was compiled using
Situation Reports generated during the
flood by the U.S. Department of Trans-
portation Research and Special Programs
Administration along with network data-
bases implemented on a geographical infor-
mation system. Because the Situation
Reports were developed to describe the
state of the transportation system during
the crisis, rather than for statistical pur-
poses, the accuracy of the data is
unknown. Furthermore, these reports only
describe the impact on the transportation
system during the period from May 24 to
September 15, 1993.

Waterway

Effects on Routing and Service.
During the flood, 1,612.2 miles of the
waterway network were closed, as follows:

* 789.6 miles of the Mississippi River from

Minneapolis-St. Paul, Minnesota, to a
point south of St. Louis, Missouri, were
closed and/or experienced lock closings.

e The entire Missouri River (669.8
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miles) was closed from Sioux City,
lowa, to St. Louis, Missouri.

« The Illinois River was closed from
Peoria, Illinois, to the confluence with
the Mississippi River (152.8 miles).

In addition to river and lock closings,
the Coast Guard imposed speed restric-
tions in many areas to protect levees from
wake damage. Furthermore, draft, length-
of-tow, time-of-day, and type-of-cargo
restrictions were also implemented.

The waterway network was significant-
ly affected due to lock closings on the
upper Mississippi. A total of 26 locks
closed from Minneapolis-St. Paul,
Minnesota, to Cairo, lllinois, cutting off
waterway access to 10 MSAs. From
around June 29 to August 19 (approxi-
mately 52 days), lock closings occurring at
various times made it impossible to tra-
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TABLE IEEEH TABLE EEN

Total Delay Hours for 50 Cities: 1986 to Total Delay Hours by Highway Type for 50
1990 (In Thousands) Urban Areas: 1990 (In Thousands)

Urban Area Freeway/Expressway Principal Arterial
City 1986 1987 1988 1989 1990 Recurring Incident Recurring Incident
Albuquerque, NM 15 15 15 20 20 Albuquerque, NM 2.9 3.2 7.0 7.7
Atlanta, GA 225 240 225 230 235 Atlanta, GA 73.8 81.2 37.6 41.3
Austin, TX 50 45 45 45 45 Austin, TX 17.9 19.6 4.7 5.2
Baltimore, MD 95 100 105 120 125 Baltimore, MD 25.2 57.9 20.9 23.0
Boston, MA 285 270 370 350 335 Boston, MA 61.4 214.8 29.0 31.9
Charlotte, NC 25 25 30 30 35 Charlotte, NC 4.8 3.8 12.1 13.3
Chicago, IL 480 470 470 495 530 Chicago, IL 143.1 171.7 1019 1121
Cincinnati, OH 250 30 40 40 40 Cincinnati, OH 17.9 14.3 4.7 5.2
Cleveland, OH 35 40 45 45 50 Cleveland, OH 17.7 12.4 8.6 9.5
Columbus, OH 30 35 35 40 40 Columbus, OH 14.0 9.8 7.9 8.7
Corpus Christie, TX 5 5 5 5 5 Corpus Christie, TX 0.7 0.8 0.6 0.7
Dallas, TX 260 235 240 240 260 Dallas, TX 3.3 149.9 11.3 12.8
Denver, CO 110 110 115 120 135 Denver, CO 36.2 36.2 30.0 33.0
Detroit, Ml 340 345 350 360 360 Detroit, Ml 59.3 130.6 81.3 89.4
El Paso, TX 10 10 10 10 10 El Paso, TX 3.6 3.9 0.9 1.0
Fort Worth, TX 95 90 90 90 95 Fort Worth, TX 30.3 54.5 5.9 6.5
Ft. Lauderdale, FL 65 65 70 65 70 Ft. Lauderdale, FL 9.2 13.8 22.8 25.0
Hartford, CT 20 20 30 35 30 Hartford, CT 4.6 12.3 6.5 7.1
Honolulu, HI 45 45 50 55 55 Honolulu, HI 14.9 26.7 5.5 6.1
Indianapolis, IN 10 10 15 15 15 Indianapolis, IN 134.8 188.7 28,5 31.3
Jacksonville, FL 40 45 45 55 55 Jacksonville, FL 8.9 13.4 15.9 175
Kansas City, MO 20 20 25 25 30 Kansas City, MO 3.2 10.0 7.1 7.8
Los Angeles, CA 1645 1715 1685 1750 1780 Los Angeles, CA 601.8 722.1 217.3 239.0
Louisville, KY 20 20 20 20 20 Louisville, KY 1.8 1.9 8.1 8.9
Memphis, Tn 15 15 20 20 20 Memphis, Tn 2.0 2.2 7.8 8.6
Miami, FL 150 170 200 220 230 Miami, FL 32.6 488.9 71.1 78.2
Milwaukee, WI 35 40 45 45 45 Milwaukee, WI 14.2 14.2 8.6 9.4
Minneapolis- Minneapolis-
St. Paul, MN 70 95 95 95 105 St. Paul, MN 345 31.0 17.7 195
Nashville, TN 30 35 40 40 40 Nashville, TN 6.3 6.9 131 14.4
New York, NY 1190 1265 1370 1515 1510 New York, NY 287.5 718.8 239.3 2632
New Orleans, LA 65 65 70 70 70 New Orleans, LA 16.0 28.8 11.4 12.6
Norfolk, VA 60 70 70 75 75 Norfolk, VA 16.6 415 7.9 8.7
Oklahoma, OK 20 20 25 20 20 Oklahoma, OK 3.4 3.8 6.7 7.4
Orlando, FL 60 60 60 70 70 Orlando, FL 125 18.7 19.4 21.3
Philadelphia, PA 250 270 275 270 275 Philadelphia, PA 25.8 54.63 93.2 1025
Phoenix, AZ 145 145 185 180 180 Phoenix, AZ 29.4 11.8 64.9 71.4
Pittsburgh, PA 95 100 115 115 120 Pittsburgh, PA 10.6 30.7 37.0 40.7
Portland, OR 50 60 70 75 80 Portland, OR 17.2 34.3 12.5 13.8
Sacramento, CA 40 55 70 80 80 Sacramento, CA 225 135 216 23.8
Salt Lake City, UT 10 15 15 15 15 Salt Lake City, UT 4.4 2.6 3.8 4.2
San Bernadino, CA 185 190 215 230 235 San Bernadino, CA 78.6 94.3 30.5 335
San Diego, CA 95 125 145 155 155 San Diego, CA 78.0 46.8 13.3 14.6
San Antonio, TX 65 65 60 60 60 San Antonio, TX 23.9 26.3 4.2 4.6
San Jose, CA 195 210 215 225 225 San Jose, CA 733 88.0 29.4 324
San Francisco, CA 540 615 625 650 645 San Francisco, CA 232.5 302.2 52.3 57.6
Seattle-Everett, WA 175 210 235 255 260 Seattle-Everett, WA 83.0 116.2 29.3 32.2
St. Louis, MO 155 120 105 140 135 St. Louis, MO 22.1 26.6 40.5 44.5
Tampa, FL 35 40 45 45 50 Tampa, FL 5.9 8.8 15.6 17.2
Washington, D.C. 440 475 495 540 555 Washington, D.C. 107.5 236.5 99.5 109.5




verse the Mississippi completely. (See fig-
ure 4-29.) Although the entire Missouri
River and sections of the Illinois River
were closed, these rivers carry relatively
fewer barges than either the Mississippi or
the Ohio Rivers and had less of an effect
on the waterway system.

It is estimated that more than 5,000
barges were affected by extant flooding
and river closures. An estimated 1,075
barges were stranded in the Upper
Mississippi River; 15 were stranded in the
Missouri; and 30 were stranded in the
lllinois. Other barges remained in docking
bays, and many waited to travel up river.

Effects on the Waterway Infrastruc-
ture. The strong currents and turbulence
resulting from the flood caused significant
silting up of some channels in both the
Mississippi and Missouri Rivers. Silt
buildup in the Missouri prompted plans to
dredge the river, which hadn’t been
dredged in 25 years. Areas of the upper
and lower Mississippi also became more
shallow. In some areas, silt buildup
reduced the river depth to less than eight
feet. As a result, the Mississippi was also
dredged in several areas.

Impacts on Related Industries. Barge
industry sources indicate that the econom-
ic impact on the industry is estimated at
$500,000 to $1 million per day. However,
it is extremely hard to derive any definitive
loss figure, as impact can be calculated
either in lost shipping days (loaded barges
tied up) or lost opportunity (empty barges
sitting idle because of no product to
move). Also, the precise number of barges
affected is hard to determine because the
barge industry has not reported total num-
bers. The only estimates available have
come from a Corps of Engineers’ (COE)
database that counted only barges that
were tied up to a lock structure. COE did
not include those barges that may have
been holding in an operator’s fleeting area.
The number of barges affectedthat is,
unable to deliver currently loaded cargo or
get to port to load cargo for further move-
mentmay be as high as two thousand.
Some ocean-going vessels were also affect-
ed because cargoes were not readily avail-
able for loading.

In addition to waterway disruptions
within the region, other parts of the water-
way network were affected as well. During
the flood, most of the principal U.S.-
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FIGURE ZEFE

On-Time Operations for All Carriers
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TABLE EEN

Primary Airports Exceeding NPIAS Annual Capacity Rating

Facility Location NPIAS Total Percent of NPIAS
Annual Capacity Operations Capacity Congestion level*

Metropolitan Oakland Intl. Oakland, CA 285,000 403,213 141.48 U
John Wayne Airport-
Orange County Santa Ana, CA 355,000 533,522 150.29 U
Burbank-Glendale-
Pasadena Burbank, CA 215,000 245,623 114.24 U
Long Beach/
Daugherty Field Long Beach, CA 370,000 462,177 124.91 U
Grand Forks Intl. Grand Forks, ND 283,000 284,783 100.63 u
Dallas/Fort Worth Intl. Dallas-Fort Worth, TX 557,000 693,614 124.53 S
San Francisco Intl. San Francisco, CA 393,000 434,298 110.51 S
John F. Kennedy Intl. New York, NY 272,000 336,731 123.80 S
Stapleton Intl. Denver, CO 355,000 468,490 131.97 S
Miami Intl. Miami, FL 370,000 378,302 102.24 S
La Guardia New York, NY 200,000 355,568 177.78 S
General Edward
Lawrence Logan Intl. Boston, MA 285,000 417,111 146.35 S
Newark Intl. Newark, NJ 280 376,789 134.57 S
Lambert-St. Louis Intl. St. Louis, MO 340 425,257 125.08 S
Washington National Washington, DC 273,000 316,138 115.80 S
Phoenix Sky Harbor Intl. Phoenix, AZ 300,000 479,790 159.93 M
Honolulu Intl. Honolulu, HI 400,000 406,110 101.53 M
Minneapolis-St. Paul Intl. Minneapolis, MN 345,000 376,239 109.05 M
McCarran Intl. Las Vegas, NV 225,000 378,117 168.05 M
Orlando Intl. Orlando, FL 248,000 285,637 115.18 M
Seattle-Tacoma Intl. Seattle, WA 285,000 327,805 115.02 M
Charlotte/Douglas Intl. Charlotte, NC 415,000 424,017 102.17 M
Salt Lake City Intl. Salt Lake City, UT 275,000 293,126 106.59 M
Raleigh-Durham Intl. Raleigh/Durham, NC 195,000 272,512 139.75 M
Cleveland-Hopkins Intl. Cleveland, OH 215,000 256,537 119.32 M
Kansas City Intl. Kansas City, MO 195,000 239,018 122.57 M

* U = Uncongested
M = Moderately Congested
S = Severely Congested



flagged liner operators experienced delays
of one to six days in cargo arriving at
some West Coast ports from the east.
Containers bound for Hawaii missed ves-
sel departures from ports in Southern
California. Deliveries to Chicago and fur-
ther east were delayed by three to five
days. Export cargo operations in the New
Orleans area also slowed down, as the
flow of coal and grains was drastically
reduced. Also, stocks on hand at grain ele-
vators dwindled, threatening to close sev-
eral elevators.

The severe disruption of the barge
industry greatly affected the movement of
grain in the U.S. Between 150,000 and
300,000 tons of grain shipments that cus-
tomarily move through the Gulf were
diverted to the Pacific Northwest. Also,
Archer Daniels Midland, the nation’s
largest grain processor and third largest
barge operator, indicated that flood delays
cost the company about $1.5 million per
day. Most of their 2,000-barge fleet was

FIGURE ZEFI
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Amtrak On-Time Performance Trends
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tied up on the Mississippi and Illinois
Rivers. As a result, shipments had to be
diverted to rail at twice the cost, and, in
some cases, the company used trucks,
which were even more costly than rail.

Railroads

Effects on Routing and Service. Track
washouts, damaged bridges, flooded rail
yards, and high water over tracks effec-
tively shut down approximately 3,764
miles of mainline rail service in 18 MSAs.
(See figure 4-30.) Still, many rail lines
were open, and arrangements between rail
companies allowed shipments to be divert-
ed to operational lines. It is estimated that
more than 1,000 trains were rerouted over
other railroads. However, due to traffic
congestion, many cars experienced delays
of up to five days. The opening and closing
of both freight and passenger service
changed daily as water levels rose and fell
and as detour routes were negotiated.

The closure of the Atchison, Topeka
and Sante Fe mainline bridge over the
Mississippi at Fort Madison, lowa, was one
of the most significant mainline closings
during the flood. This route is a major cor-
ridor for intermodal traffic from the Ports
of Los Angeles/Long Beach east and from

4-27
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FIGURE 4-28

1993 Midwest Flood -
Transportation Network Closures by Date
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eastern manufacturing plants to California.

Effects on Passenger Service. Some
Amtrak services through the region were
canceled, rerouted on alternate lines, or
provided on shortened routes due to high
waters and flood damage. Amtrak routes
were unpredictable due to dependence
upon freight route conditions, which liter-
ally changed from day to day. However,
Amtrak did make arrangements with
United Airlines and TWA to offer special
reduced fares, subject to availability, to
displaced rail passengers.

Effects on the Infrastructure. The
Association of American Railroads (AAR)
issued a preliminary estimate of $109.5-
$200 million in rail damages to midwest-
ern Class | railroads:

Washed out track
(50-100 miles)
Track under water

$50-100 million

(300-500 miles) $30-50 million
Bridges $15-25 million
Signals $10-20 million
Switches $3-5 million
Rolling stock $1.5-2 million

Still, AAR believes that all major lines
will be able to absorb the loss and that

none of the costs will be passed on to the
shippers through increased freight fares.
However, the railroads will suggest a tax
relief package.

Gateway Western Railroad, which suf-
fered significant washouts and the col-
lapse of a bridge across the Missouri
River, estimated damages of around $12
million, approximately 40 percent of its
revenue. Gateway Western Railroad did
receive some federal assistance from the
Local Rail Freight Assistance Program and
is temporarily operating trains on tracks
owned by other rail companies.

The midwest flood was responsible for
the construction of at least one additional
link in the rail network. In order to facili-
tate rerouting, the Union Pacific Railroad,
in cooperation with the Atchison, Topeka,
and Santa Fe Railroad, constructed a 1,600
foot section of track in Topeka, Kansas, to
physically connect the two railroads.

Effects on Other Industries. Ports on
the West Coast were affected as trucks and
trains were delayed in arriving with export
cargoes. Transportation to haul imports east
from the ports were consequently in short
supply. Because of this equipment shortage
and the en route delay of several days in rail
movements to the east, some cargo was held
in the ports of Los Angeles and Long Beach,
creating a backlog of cargo. Also, Ford
Motor Co., which uses a just-in-time system

TABLE EES)

Transportation System Closures Due to

Flooding
Mode Closures MSAs Containing
Closures
Airports 34 7
Major 0 0
Commuter 0 0
Air Taxi 11 3
Foreign 0 0
General 23 6
Highways (Miles) 382.88 9
Interstate 163.67 6
U.S. Highway 190.21 7
State Highway 156.54 5
Rail-Mainline (Miles) 3,763.84 18
Waterway (Miles) 1,612.20 10

Note: The Interstate, U.S., and state miles do not sum to total because roadway sections are

shared by more than one highway type.
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to keep its inventory costs low, used air- L

planes and trucks to replace deliveries that
couldn’t be made by rail.

Highway

The effects on the proposed National
Highway System (NHS) were minimal,
while local and regional impacts, however,
were more significant. At spot locations,
about fifty NHS routes, hundreds of non-
NHS state routes, and thousands of local
roads were inundated. For example, it is
estimated that 250 highways and bridges
were closed at the peak flood stage in
Missouri. In addition to closures due to
high water and structural damage caused
by flooding, some bridges were closed peri-
odically because of dangerous debris, such
as storage tanks, floating nearby or
because of barges breaking loose and strik-
ing the bridge structures. (See figure 4-31.)

Significant impacts were generally the
result of the closures and operational
restrictions of bridges across the Miss- —— Domestic Waterway Network
issippi and Missouri Rivers. One of the —— Railroad Mainline (partial)
most significant closures occurred along = Railroad Mainline Closure

Designated Federal Disaster Area
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attempt to overcome network closings,
small certified pontoon boats were used to
provide ferry service across the Mississippi
between La Grange, Missouri, and Quincy,
Illinois. Furthermore, when it became
apparent that the total capacity and travel
time of these boats were inadequate to
serve the communities, private companies
hired or bought recreational craft to trans-
port their employees. In fact, local parties
even investigated the possibility of inau-
gurating air taxi services between the
cities for the duration of the emergency.
(See table 4-12.)

Airports

The effect of the heavy rains and flood-
ing was almost negligible on the air trans-
portation network. A total of 34 airports
were closed (and some were evacuated) at
various times during the flood, affecting
seven MSAs. (See figure 4-32.) However,
all of these airports were general aviation
and/or privately owned airports. No major
airports in the region experienced clo-
sures. In some instances, navigational aids
and instrument landing systems were put
out of service by rising flood waters.
However, the impact of these outages was
negligible.

The flood did prompt increased involve-
ment by the Federal Aviation Administra-
tion. Temporary Flight Restrictions were
implemented in several areas for aircraft
flying under certain altitudes, and, in at
least one case, the FAA established air con-
trol services at one airport to coordinate
relief flight activities in the area.

How Well Does It Work:
What More We Need to
Know

Although one could point to numerous,
specific data deficiencies, there is a more
general, urgent need to develop the sci-
ence of measuring the performance of the
transportation system as a whole. We need
to develop a meaningful, comprehensive
set of performance indicators. In the
process of compiling this chapter, we have
learned how little is known, not only
about the statistics of accessibility and

performance, but about the very concepts
themselves and how best to measure
them. Certainly, there are some obvious,
meaningful indicators, such as hours of
traffic delay and on-time arrivals of com-
mercial aircraft, but these only partially
describe the quality and quantities of ser-
vices being provided. They also say little
about how efficiently these services are
produced and their contribution to the
economy, that is to say, about the produc-
tivity of the transportation system. This is

FI1GURE EEEN

Highway Closures During
1993 Midwest Flood
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Domestic Waterway Network
—— Highway Network (partial)

== Highway Network Closure

especially true when it comes to the per-
formance of the system as an integrated,
intermodal whole. The Bureau of
Transportation Statistics will give this
subject high priority on its research
agenda. Developing and refining means to
measure the performance of the trans-



portation system, as well as its contribu-
tion to our economy and our way of life, is
an essential transportation data need.

Sources

Figures

Figure 4-1-4-10: Oak Ridge National Laboratory,
Oak Ridge, TN.

Figure 4-11: Railroad Facts, Sept 1992, Associ-
ation of American Railroads: Washington,
D.C.

Figure 4-12: Estimated from Air Carriers
Statistics Monthly, U.S. Department of
Transportation, Research and Special
Programs, Office of Airline Statistics.

Figure 4-13 through 4-16: Estimated bawsed on
data from Transit Fact Book; October 1992,
American Public Transit Administration.

Figure 4-17: Highway Statistics, 1986-1991.

Figure 4-18: National Personal Transportation
Survey, Travel Behavior in the 90’s, Report
Number HPM-40, U.S. Department of Trans-
portation and the Federal Highway
Administration, July 1992.

Figure 4-19: Oak Ridge National Laboratory,
Oak Ridge, TN.

Figure 4-20 and 4-21: Roadway Congestion
Estimates and Trends, Texas; Transportation
Institute, 1990.

Figure 4-22: Estimates of Urban Roadway
Congestion 1990, Texas : 4-23: Transportation
Institute Research Report, 1131-5, 1993.

Figure 4-24 through 4-34: Oak Ridge National
Laboratory, Oak Ridge, TN.

Tables

Table 4-1: Oak Ridge National Laboratory, Oak
Ridge, TN. U.S. Route Airway Mileage.
Includes direct low altitude and jet routes.
Converted from nautical miles for compari-
son purposes. (Route miles operated.)

Table 4-2: Oak Ridge National Laboratory, Oak
Ridge, TN.

Table 4-3: Federal Aviation Administration, U.S.
Department of Transportation. FAA Statistical
Handbook of Aviation. Washington, D.C.:
Government Printing Office, 1992, pp. 4-11

Table 4-4: FAA Statistical Handbook of Aviation:
Calendar Year 1991, Federal Aviation Admin-
istration, 1991.

Table 4-5: Oak Ridge National Laboratory, Oak
Ridge, TN.

HOwW vvell Does

F1GURE EEEH

Airport Closures During
1993 Midwest Flood

Designated Federal Disaster Area

Domestic Waterway Network
B Airport Closure

Table 4-6: Nationwide Personal Transportation
Survey, July 1992, U.S. Department of
Transportation, Federal Highway Admini-
stration, Office of Highway Information
Management.

Table 4-7: Federal Highway Administration,
Highway Statistics 1991.

Table 4-8: AAR, Railroad Facts, 1993. Note: a
change in the accounting practices of
Railroads after 1980 caused some changes in
the definition of capital and maintenance
expenditures.

Table 4-9: Air - FAA Statistical Handbook of
Aviation. Railroad - AAR, Railroad Facts.
Water - Eno Foundation, Transportation in
America. Oil Pipeline - Eno Foundation,
Transportation in America.

Table 4-10: Estimates of Urban Roadway Con-
gestion - 1990, Research Report 1131-5, Texas
Transportation Institute, March 1993.

Table 4-11: Estimates of Urban Roadway Con-
gestion - 1990, Research Report 1131-5, Texas
Institute of Transportation, March 1993.



TTUHIOPUT LULIVET ULULIDUILY MU HTUUE T\LPUI L LuuT

Table 4-12: Oak Ridge National Laboratory, Oak
Ridge, TN.

Table 4-13: Oak Ridge National Laboratory, Oak
Ridge, TN. Airport categories indicate the
number of airports closed that offer each ser-
vice type. The Interstate, U.S., and State
miles do not sum to the overall total because
of roadway sections shared by more than one
highway type.

Other Sources Used in This Chapter

American Public Transit Association. Transit
Fact Book. Washington, D.C., October 1992.

Amtrak Public Affairs Office. National Railroad
Passenger Corporation: 1992 Annual Report.
Washington, D.C., 1992.

Association of American Railroads. Railroad
Facts. Washington, D.C., September 1992.
Federal Aviation Administration. FAA
Statistical Handbook of Aviation: Calendar
Year 1991. Washington, D.C., 1992.

Federal Highway Administration. Highway
Statistics 1991. Washington, D.C., 1992.

Simon, R. 1993. Americans with Disabilities Act
of 1990 - Mandate for Full Accessibility. TR
News, 168.

Transportation Research Board, National
Research Council. Research and Special
Programs Administration. Situation Reports
1-44: Flooding in Western States. May 14 -
September 15, 1993.

Endnotes

1. Average velocity was calculated as the num-

ber of ton-miles per train-hour divided by
the number of tons per train. Average trip
travel time was calculated as the average
trip length divided by the average velocity.

2. Average flight stage length was calculated by

dividing the number of revenue flight miles
by the number of revenue departures.
Average velocity was calculated by dividing
the number of revenue flight miles by the air
revenue hours. Average flight stage travel
time was calculated by dividing the average
flight stage length by the average velocity.

3. Average trip length was calculated by divid-

ing the number of passenger-miles by the
number of passenger-trips, thus yielding the
average trip length taken by each passenger.
Average velocity was calculated by dividing
the vehicle-miles traveled by the vehicle-
hours traveled. Average trip travel time was
calculated by dividing the average passen-
ger trip length by the average velocity.

4. Federal Highway Administration, Office of

Highway Information Management,
Nationwide Personal Transportation Survey,
July 1992.



CHAPTER ISIRAS

TRANSPORTATION

and Its
COSTS

What We Spend on
Transportation

The terms payment and cost appear to
be interchangeable in this chapter
because the seller’s price is the buyer’s
cost. The question of what we pay for
transportation is viewed first from the
buyer’s perspective, which includes
households, business travelers, and ship-
pers. Because spending on transportation
by consumers, businesses, and govern-
ment agencies has grown dramatically

he many benefits of transportation
are not without costs. Households
and businesses must buy transporta-

tion services from carriers or pay for their own vehicles,
craft, facilities, labor, and related services. Carriers must
also provide the resources—vehicles, craft, facilities, and
labor—to produce related services. Even the public at large
is required to pay for certain transportation facilities (such
as local streets) and services (such as air traffic control)
through general taxes.

We pay for transportation not only in money and time,
but through loss of life, environmental disruption, and
social stress. Resources that are deployed for transportation
cannot be used on other things, so foregone expenditures
must be viewed as another cost of transportation. This
chapter focuses, however, on monetary costs, leaving such
matters as loss of life and environmental degradation for
subsequent chapters.

over the last 30 years to roughly $1 tril-
lion, we also ask whether we are buying
more and better transportation or just
absorbing higher costs for the same ser-
vice. To better understand what makes up
these costs, the perspective must shift
from the consumer to that of the provider.
American consumers, businesses, and
governments spent more than $996 billion
on transportation in 1992, an eightfold
increase over 1960.* (See table 5-1.) In con-
trast, the nation’s economy, as measured by
Gross Domestic Product (GDP) in current
dollars, rose twelvefold during this period.
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U.S. Transportation Expenditures: 1960-1992

Nation’s  Nation’s

Total

TAaBLE IEEW

Freight Passenger Revenue Total Expend-  Expend-

Trans- Trans- Total Freight Passenger Transport Ton-miles Domestic Revenue itures itures

portation portation Transport Bill per Bill per Bill per of Passenger Ton-Miles Passenger- per Passenger-

Bill Bill Bill Population  Capita Capita Capita Freight Miles of Freight Miles Ton-Mile Mile
Year ($Billions) ($Billions) ($Billions) (Millions) (Dollars) (Dollars) (Dollars) (Billions) (Billions) Per Capita Per Capita (Cents) (Cents)
1960 47.8 60.5 106.6 180.8 264 334 590 1,806 1,630 9,993 9,018 2.65 3.71
1961 49.5 58.6 104.4 183.7 269 319 568 1,876 1,660 10,212 9,033 2.64 3.53
1962 52.8 64.6 113.4 186.6 283 346 608 1,957 1,714 10,487 9,184 2.70 3.77
1963 56.2 68.0 120.0 189.3 297 359 634 2,057 1,776 10,866 9,384 2.73 3.83
1964 60.9 72.8 129.1 191.9 317 379 672 2,157 1,854 11,239 9,661 2.82 3.93
1965 64.9 82.2 144.8 194.3 334 423 745 2,256 1,931 11,607 9,936 2.88 4.26
1966 67.8 86.9 149.3 196.6 345 442 759 2,365 1,983 12,027 10,086 2.87 4.38
1967 70.6 90.7 155.5 198.8 355 457 782 2,402 2,058 12,084 10,354 2.94 4.41
1968 73.3 103.9 170.8 200.7 365 518 851 2,493 2,160 12,420 10,758 2.94 4.81
1969 78.0 113.0 184.2 202.7 385 557 908 2,581 2,237 12,730 11,036 3.02 5.05
1970 84.0 114.3 195.2 205.1 410 557 952 2,702 2,307 13,177 11,251 3.11 4.95
1971 91.2 134.4 222.0 207.7 439 647 1,069 2,738 2,411 13,184 11,610 3.33 5.57
1972 97.2 149.2 242.3 209.9 463 711 1,154 2,899 2,550 13,808 12,147 3.35 5.85
1973 107.9 163.1 266.5 211.9 509 770 1,257 3,013 2,629 14,216 12,402 3.58 6.20
1974 116.0 171.3 282.6 213.9 542 801 1,321 2,996 2,547 14,004 11,908 3.87 6.73
1975 115.8 188.2 298.9 216.0 536 871 1,384 2,883 2,608 13,346 12,076 4.02 7.22
1976 133.4 223.8 351.1 218.1 612 1,026 1,610 3,017 2,729 13,834 12,514 4.42 8.20
1977 150.8 256.6 400.9 220.3 685 1,165 1,820 3,140 2,827 14,256 12,833 4.80 9.08
1978 172.9 287.7 453.4 222.6 77 1,292 2,037 2,976 2,963 13,368 13,310 5.81 9.71
1979 193.2 317.9 503.0 225.1 858 1,412 2,235 3,586 2,933 15,932 13,030 5.39 10.84
1980 213.7 338.1 542.9 227.7 938 1,485 2,384 3,643 2,896 15,999 12,718 5.87 11.67
1981 228.4 374.0 592.5 230.0 993 1,626 2,576 3,547 2,917 15,422 12,683 6.44 12.82
1982 222.1 379.2 591.4 232.2 956 1,633 2,547 3,407 2,974 14,672 12,806 6.52 12.75
1983 243.3 410.8 643.2 2343 1,038 1,753 2,745 3,577 3,082 15,264 13,151 6.80 13.33
1984 268.0 459.4 715.5 236.4 1,134 1,943 3,027 3,713 3,198 15,708 13,527 7.22 14.37
1985 273.6 492.2 753.1 238.5 1,147 2,064 3,158 3,667 3,272 15,376 13,720 7.46 15.04
1986 281.0 492.5 760.9 240.7 1,167 2,046 3,161 3,685 3,393 15,310 14,099 7.63 14.51
1987 294.2 528.1 807.5 242.9 1,211 2,175 3,325 3,848 3,503 15,845 14,423 7.65 15.08
1988 313.0 571.9 869.0 245.1 1,277 2,333 3,546 4,002 3,656 16,329 14,918 7.82 15.64
1989 329.1 602.7 915.2 247.4 1,330 2,436 3,699 3,969 3,717 16,045 15,025 8.29 16.21
1990 351.9 630.4 964.9 250.0 1,408 2,522 3,860 4,020 3,810 16,081 15,241 8.75 16.55
1991 355.1 613.2 951.9 252.7 1,405 2,426 3,767 4,027 3,855 15,934 15,255 8.82 15.91
1992 375.1 638.4 996.3 255.4 1,468 2,499 3,900 4,156 3,961 16,270 15,507 9.03 16.12
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U.S. expenditures on passenger trans-
portation have grown one-third faster than
expenditures on freight since 1960. (See
figure 5-1.) As a result, nearly two-thirds
of total transport spending was devoted to
passenger transportation in 1992, both
local and intercity, while the remainder
was spent transporting freight. In con-
trast, barely 56 percent of the nation’s
transportation bill was devoted to passen-
ger transportation in 1960.

Estimates of consumer spending on all
passenger transportation since 1960, as
measured in the National Income and
Product Accounts, indicates that con-
sumer spending accounts for nearly three-
quarters of the nation’s passenger
transportation bill, and nearly one-half of
the total spent on all transportation. (See
table 5-2 a & b.) Consumer spending has
held a 70 percent share of the passenger
bill for three decades. The balance is
accounted for by business and government
transportation. (See figure 5-2.)

Consumer spending on transportation
has declined slowly as a proportion of per-
sonal income over the last three decades.
(See figure 5-3.) The brief rise in the pro-
portion of real disposable personal income
spent on transportation after the 1980-
1982 recessions was propelled by purchas-
es of new motor vehicles. These purchases,
along with the other elements of
user—-operated transportation, now com-
prise more than 91 percent of the total
consumer spending on transportation,
down marginally from 1960. Consumers
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have increased the proportion of their
incomes spent on motor vehicle mainte-
nance and repair and intercity transporta-
tion somewhat since 1960. (See figure
5-4.) Adjusting for inflation, personal con-
sumption expenditures in real terms have
risen 3.1 percent annually over the
1960-1992 period, about the same rate as
overall consumer expenditures. Purchases
of motor vehicles other than automobiles
have increased faster than all other cate-
gories. In contrast, spending on local
transportation and intercity transportation
by rail has declined over the period.

Since 1977, estimates of U.S. resident
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TABLE IEEER

U.S. Resident Expenditures
Trips 100 Miles or More Away from
Home (In Billions of Dollars)

Public Auto Total
Year Transportation! Transportation? Transportation
1977 19.9 26.1 46.0
1978 22.8 29.3 52.1
1979 26.1 37.7 63.8
1980 30.5 46.6 77.1
1981 33.4 49.0 82.4
1982 34.2 48.1 82.2
1983 37.8 47.2 85.0
1984 45.1 441 89.2
1985 49.3 46.0 95.3
1986 50.9 42.3 93.2
1987 57.2 45.7 102.9
1988 63.6 49.1 112.6
1989 64.6 50.5 1151
1990 67.6 53.5 1211
1991 69.0 53.3 122.3
19923 70.4 53.4 123.8

lincludes travel by air, bus, rail and ship
2includes personal motor vehicles and rental automobiles
Spreliminary

spending on transportation while traveling
100 miles or more away from home, a
common definition of tourism activity,
indicate that spending on tourism trans-
portation has grown faster than total U.S.
passenger transportation spending.
Tourism spending now comprises more
than 19 percent of total passenger trans-

F1G URE [IEEEE
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1991 Value Percent Compound Annual Rate Rate of Growth
Component (In Millions of Dollars) of Total of Growth 1960-1991 1990-1991
Intercity Truck 167,400 46.6% 7.5% 3.1%
Local Truck 110,500 30.8% 6.8% 2.0%
Intercity Bus 131 0.0% 3.7% 4.0%
Railroad 29,852 8.3% 3.9% -1.8%
International water carriers 12,705 3.5% 6.6% —7.8%
Coastal and inland waterways 7,962 2.2% 5.1% 12.3%
Oil pipeline 8,096 2.3% 7.4% -3.5%
Air 14,270 4.0% 12.7% 4.1%
Other Carriers 4,267 1.2% 8.2% 5.6%
Other shipper costs 3,804 1.1% 3.4% 1.9%
TOTAL 358,987 100.0% 6.7% 2.0%




portation outlays, include transportation
expenditures on travel away from home
for both leisure and business purposes.
(See table 5-3.)

If the calculations of the nation’s trans-
portation bill and consumer spending are
accurate, then the nation’s six million
business establishments and 83,000 gov-
ernmental units account for 30 percent of
expenditures on passenger transportation
and nearly all expenditures for freight
transportation. Anecdotal evidence sug-
gests that business and government expen-
ditures on passenger transportation are
dominated by purchases of tickets from
airlines and other intercity carriers; rental
of passenger vehicles while on business
trips; and the purchase and operation of
passenger vehicle fleets primarily for local
travel. Businesses and government spend-
ing on freight transportation overwhelms
household spending in every category
except portions of expenditures for house-
hold goods movers and parcel delivery ser-
vices. Household goods movers account
for only one percent of the freight bill, and
even in that industry businesses and gov-
ernments are major purchasers.?

U.S. expenditures on freight trans-
portation have increased nearly eightfold
since 1960. (See figure 5-5.) Expenditures
on air freight transportation grew at the
highest rate over 31 years, followed by
spending on intercity truck freight trans-
port. (See table 5-4.) Growth in expendi-
tures during the most recently available
annual period (1990-1991) have uniformly
been lower than the compound annual
growth rates for the previous three
decades.

FI1G URE IEEN
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Although the figures and tables in this
chapter are based on the best available
estimates of the passenger and freight
transportation bills, substantial care
should be exercised in their use.
Calculations of the transportation bill
require a number of assumptions and allo-
cations based on incomplete data. For
example, more than half of the intercity
trucking revenue estimates and all of the
local trucking revenue estimates are based
on the assumption that vehicle-miles of
travel by the average revenues per mile for
the truck types are dominant in each cate-
gory.® The assumptions used in these esti-
mates cannot be tested—nor can
alternative estimation methods be devel-
oped with reasonable likelihood of valida-
tion—until the Bureau of the Census
provides better measures of expenditures
by business establishments of all kinds on
transportation by mode. This is especially
critical for own-account transportation,
including private trucking and corporate
aviation. For-hire trucks account for less
than half of all loaded vehicle miles of
travel by trucks weighing more than
26,000 pounds; shipper-owned trucks
account for the balance.

Sources of Change in
Expenditures

The substantial growth of expenditures
on transportation begs the question,
“why?” Have expenditures grown because
there are more people to move or ship
goods, because people on average are trav-
eling more or shipping freight farther, or
because transportation costs are going up?
Are cost increases due to inflation, ineffi-
ciency, or greater quality of service? The
answers to this last question are central to
our understanding of whether the nation’s
transportation system is getting better or
worse.

Increased expenditures on transporta-
tion since 1960 are clearly due in part to
population growth, the expansion of eco-
nomic activity, and increasing geographic
dispersion of homes, jobs, schools, and
recreational opportunities. The 39 percent
growth in population, 134 percent growth
in passenger-miles of travel, and 61 per-
cent growth in ton-miles for the three
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decades since 1960 indicate that there are
more people traveling and shipping goods,
and that the quantity of passenger and
freight transportation consumed per per-
son is increasing.

Demand-driven increases in trans-
portation expenditures from a growing
population and increases in consumption
of transportation per person are more
than matched by supply-driven increases
from the cost of moving a mile per person
or per ton. Of the three factors for passen-
ger transportation, changing cost per pas-
senger-mile contributes far more to total
expenditure increases than population
growth or passenger-miles per person.
(See figure 5-6.) Of the three factors for
freight transportation, changing cost per
ton mile contributes far more to total
expenditure increases than growth in pop-
ulation or ton-miles per person. (See fig-
ure 5-7.) However, the method used to
identify the contribution of each individ-
ual factor also shows that the interaction
among the supply and demand factors
explains more than half of the growth in
total expenditures. We can say that the
cost of supplying transportation services
and facilities is a greater contributor to
increased expenditures for transportation
than growth in demand, but the precise
difference has not been pinpointed.*

Why are expenditures per unit of trans-

FIGURE EEE

Sources of Change in U.S.
Expenditures—Passenger
Transportation: 1960 - 1990

portation going up? One explanation is
inflation throughout the economy and in
the transportation industries. Inflation is
commonly reported through the Consumer
Price Index (CPI), published monthly by
the U.S. Bureau of Labor Statistics. This is
a fixed weight price index, designed to rep-
resent inflation due only to changes in the
prices posted by retailers. A similar mea-
sure, the Producer's Price Index (PPI), is
published to reflect prices paid by manu-
facturers and wholesalers. The alternative
price index for discerning transportation
cost trends is the Implicit Price Deflator
(IPD), developed from GDP data. The
deflator reflects shifts in preferences and
spending patterns in the economy as pur-
chasers respond to changing prices and
the availability of substitute products. In
contrast to CPI, which represents posted
prices, IPD summarizes prices taken or
actually paid by consumers and others.

For most of the past 32 years, expendi-
tures per passenger-mile have increased
more than either CPI or IPD, while expen-
ditures per ton-mile have increased less
than either PPI or IPD. (See figures 5-8
and 5-9.) Passenger transportation expen-
ditures increased less than either CPI or
IPD in the 1990s.

On the basis of posted transportation
prices, represented by CPI, private or user-
operated transport costs have risen more

FIGURE [IEE

Sources of Change in U.S.
Expenditures—Freight
Transportation: 1960 - 1990
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slowly than public transportation costs.
The same pattern is evident in the com-
parison of these two categories on the
basis of transport prices taken, as indicat-
ed by trends in the implicit price deflator
for transportation consumption. (See table
5-5.) This measure reflects the changing
composition of personal consumption pur-
chases, often in response to changes in
posted prices. For example, IPD reflects
the change in average airline fares as pas-
sengers flock to discount fares, while CPI
registers only the increase, if any, in regu-
lar and discount fares. Both measures sug-
gest transport price increases have risen
more slowly than overall consumer prices
over the last 32 years. In the last year,
transport prices have slowed to 2-3 per-
cent for most categories, led by declines in
the cost of motor fuels. Some of these
price increases may have been the result
of exchange rate fluctuations or voluntary
import quotas.

The price of buying a new car has
increased 7.6 percent a year over the past
22 years, and now approaches $18,000.
(See table 5-6.) In fact, money spent on
the purchase of new cars in the U.S. com-
prises nearly 20 percent of all consumer
spending on transportation. Imported
vehicles surpassed domestic categories in
average price in 1983, and their prices
have grown one-third faster than domestic
vehicle prices over the last two decades.

Operating costs of automobiles in the
U.S. now account for more than half of
consumer spending on transportation.
Automobile operating costs have nearly
tripled over the last 18 years, to total more
than 54 cents per mile. Fixed costs, includ-
ing insurance, license fees, and deprecia-
tion, have led the categories, growing 7.7
percent a year to now comprise 82 percent
of total operating costs. Gasoline and oil
costs have contributed little to rising costs,
and now account for only 10 percent of
the total. (See table 5-7.)

Although the cost of operating an auto-
mobile has grown 7.7 percent a year over
the last two decades, scheduled air trans-
portation fares have increased at one-third
this rate. (See table 5-8.) Moreover, the
cost of traveling an airline passenger mile
has risen only about one-half as fast as
intercity rail and bus travel over the last
three decades.
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If airline trips are more circuitous
today than before the hub-and-spoke sys-
tem became dominant, the increase in
price of an airplane trip has risen even
less, because such trips now entail more
passenger-miles. On the other hand, a cir-
cuitous trip with time spent changing
planes may also require more passenger
time en route; however, the trade-off of
greater flight frequency may be of impor-

All Commodities
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Changes in Passenger Transportation Costs

Component Annual Rate

TABLE IEEEE

Rate of Change

Period of Change over Period 1991-92
Overall Expenditure per Passenger-Mile 1960-91 4.7% 1.3%
Consumer Price Index for All Urban Workers

All Transportation Consumer Price Index (CPI) 1960-92 4.6% 2.2%
Private Transportation (CPI) 1960-92 4.5% 2.2%
Motor Fuel (CPI) 1960-92 4.5% —0.4%
Automobile Maintenance and Repairs (CPI) 1960-92 5.4% 3.9%
Other Private Transportation (CPI) 1967-92 5.7% 2.7%
Automobile Insurance (CPI) 1967-92 6.7% 7.3%
Automobile Finance Charges (CPI) 1978-92 2.5% -12.1%
Automobile Registration, Licensing and Inspection Fees (CPI) 1978-92 6.1% 7.4%
State Automobile Inspection Fees (CPI) 1960-92 4.6% 8.6%
Other Automobile Related Fees (CPI) 1978-92 6.3% 2.2%

Public Transportation (CPI) 1960-92 6.2% 1.7%
Airline Fares (CPI) 1964-92 6.9% 0.0%
Other Intercity Public Transportation (CPI) 1978-92 7.1% 2.3%
Intracity Public Transportation (CPI) 1978-92 6.9% 5.8%

Consumer Price Index-All Urban Workers 1960-92 5.0% 3.0%
Personal Consumption Expenditure Implicit Price Deflator (IPD)

Transportation (IPD) 1960-92 4.5% 2.3%
New autos (IPD) 1960-92 4.4% 2.4%
Net purchases of used cars (IPD) 1960-92 2.9% 2.5%
User-operated transportation (IPD) 1960-92 7.4% 4.9%
Other motor vehicles (IPD) 1960-92 3.2% 3.0%
Tires, tubes, accessories, and other parts (IPD) 1960-92 2.6% 1.3%
Repair, greasing, washing, parking, storage, rental & leasing (IPD) 1960-92 5.4% 3.6%
Gasoline and oil (IPD) 1960-92 4.5% -0.5%
Bridge, tunnel, ferry and road tolls (IPD) 1960-92 3.6% 5.0%
User-operated transportation insurance (IPD) 1960-92 5.1% 9.1%
Mass transit systems (IPD) 1960-92 6.0% 5.3%
Taxicab (IPD) 1960-92 5.9% 5.7%

Purchased Local Transportation (IPD) 1960-92 5.8% 0.8%
Railway (IPD) 1960-92 5.2% 1.6%
Bus (IPD) 1960-92 6.0% 20.0%
Airline (IPD) 1960-92 6.0% 0.0%
Other purchased intercity transportation (IPD) 1960-92 4.2% 1.8%

Purchased Intercity Transportation (IPD) 1960-92 6.1% 0.0%

All Personal Consumption Expenditures (IPD) 1960-92 4.8% 3.3%




tance to the business traveler. Overall, air-
line, bus, and rail fares have been con-
verging in recent years to about 13 cents
per passenger-mile despite the very differ-
ent operating characteristics and service
quality of these three modes. (See figure
5-10.)

If increasing expenditures on trans-
portation are due solely to increasing
costs for the same service, then we can
conclude that the transportation system is
getting worse from the perspective of our
pocketbooks; however, that conclusion is
not warranted if we are paying for a high-
er quality of service. Many analysts con-
tend that recent shifts in transportation
mode usage are driven by speed and relia-
bility rather than by price. Their views are

TABLE IEE:

Average Price of a New Car
(In Current Dollars)
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FIGURE
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Year Sold Domestic Import Total TABLE 5_-7
1970 3708 2648 342 Automobile Operating Costs

1971 3,919 2,769 3,742 (Current Cents Per Mile)

1972 4,034 2994 3879 Year Gas & Oil Maintenance Tires Fixed costs Total
1973 4,181 3,344 4,052

1974 4,524 4,206 4,440 1975 4.8 1.0 0.7 11.9 18.3
1975 5,084 4,384 4,950 1976 n/a n/a n/a n/a n/a
1976 5,506 4,923 5,418 1977 4.1 1.0 0.7 144 20.2
1977 5,985 5,072 5,814 1978 n/a n/a n/a n/a n/a
1978 6,478 5,934 6,379 1979 4.1 1.1 0.6 18.1 24.0
1979 6,889 6,704 6,847 1980 5.9 11 0.6 20.3 27.9
1980 7,609 7,482 7,574 1981 6.3 1.2 0.7 23.7 31.9
1981 8,912 8,896 8,910 1982 6.7 1.0 0.7 23.2 31.7
1982 9,865 6,657 9,890 1983 6.6 1.0 0.7 25.0 334
1983 10,559 10,873 10,640 1984 6.2 1.0 0.6 235 31.3
1984 11,172 12,354 11,450 1985 6.2 1.2 0.7 19.2 27.2
1985 11,733 12,875 12,022 1986 45 14 0.7 231 29.6
1986 12,526 13,815 12,894 1987 4.8 1.6 0.8 25.4 32.6
1987 13,239 14,602 13,657 1988 5.2 1.6 0.8 25.8 334
1988 14,029 15,537 14,468 1989 52 1.9 0.8 30.3 38.2
1989 14,937 16,126 15,278 1990 5.4 2.1 0.9 32.6 41.0
1990 15,682 17,543 16,148 1991 6.7 2.2 0.9 33.8 43.6
1991 16,412 17,713 16,778 1992 6.0 2.2 0.9 45.4 54.5
1992 17,068 19,912 17,784 1993 6.0 2.4 0.9 449 54.2
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anecdotally supported by the enormous
growth in express parcel delivery services
and countless articles on just-in-time
delivery. Members of households often
express a similar demand for speed or
comfort when they travel by air or rail
rather than car for intercity trips. The
recent emphasis on safety features in auto-
mobile advertisements also suggests a per-

Measures of Average Passenger Revenue

Passenger Revenue per Passenger-Mile (Cents)

ceptible concern among consumers with
quality as well as price.

We are clearly spending more for
transportation, but we also appear to be
getting a higher value in return. Whether
we are better off or not requires a more
thorough analysis of whether the costs of
producing transportation equipment,
facilities, and services are increasing faster

TABLE

Average Passenger Fare per Trip (Dollars)

5-8

Scheduled air

Scheduled air

carriers in carriers in Local transit
domestic Commuter Intercity Intercity domestic Commuter Intercity Intercity bus, all modes

Year service rail rail/Amtrak® Class I? service rail rail/Amtrak® Class I? unlinked
1960 6.09 2.92 3.03 271 $34.12 $0.64 $4.22 $2.46 $0.14
1961 6.22 3.07 3.08 2.69 34.15 0.65 4.21 2.48 0.14
1962 6.45 3.13 3.10 2.72 34.18 0.66 4.20 2.50 0.15
1963 6.17 3.17 3.18 2.78 34.22 0.67 4.00 2.52 0.15
1964 6.12 3.20 3.16 2.80 34.13 0.68 3.86 2.55 0.15
1965 6.06 3.30 3.14 2.88 34.12 0.71 3.92 2.73 0.16
1966 5.83 3.33 3.13 2.89 3341 0.72 3.83 2.71 0.16
1967 5.64 3.36 3.13 2.98 33.16 0.72 3.48 2.79 0.17
1968 5.61 3.49 3.33 3.18 33.70 0.75 3.16 2.91 0.19
1969 5.79 3.55 3.63 3.39 37.52 0.78 3.15 3.55 0.21
1970 6.00 3.75 4.02 3.60 40.65 0.84 3.19 3.81 0.22
1971 6.32 3.92 4.38 3.83 43.13 0.87 9.58 4.19 0.23
1972 6.40 4.19 4.42 3.98 43.87 0.93 9.31 4.25 0.24
1973 6.63 4.25 4.44 4.05 45.72 0.95 9.85 4.73 0.25
1974 7.52 4.41 5.29 4.41 51.43 1.00 12.20 5.13 0.27
1975 7.68 4.57 571 4.85 53.64 1.04 12.96 5.46 0.27
1976 8.16 5.00 5.62 5.14 57.47 1.15 12.88 5.76 0.27
1977 8.61 5.63 5.83 5.12 60.67 1.16 12.90 6.48 0.28
1978 8.49 5.96 6.08 5.61 61.07 1.20 13.16 6.89 0.29
1979 8.95 6.32 6.59 6.21 63.81 1.25 14.93 7.71 0.29
1980 11.49 6.70 8.18 7.26 84.55 1.41 17.72 10.57 0.30
1981 13.08 7.28 9.38 8.35 95.42 1.70 21.25 10.30 0.33
1982 12.18 8.13 10.19 8.18 92.08 1.89 22.38 10.90 0.38
1983 12.10 9.94 10.65 8.40 92.17 231 23.78 10.66 0.39
1984 12.70 11.01 10.91 9.05 97.10 2.92 24.80 11.09 0.50
1985 12.21 12.08 10.48 9.91 92.53 2.85 25.78 11.02 0.53
1986 11.08 12.14 10.60 10.45 84.99 3.07 26.35 12.35 0.58
1987 11.42 12.20 10.58 10.07 88.95 3.18 27.39 12.28 0.59
1988 12.31 12.39 11.46 10.73 96.67 3.35 30.31 17.15 0.60
1989 13.08 12.56 12.62 11.18 103.65 3.41 35.17 18.62 0.61
1990 13.21 13.44 12.85 11.55 107.86 3.70 36.96 20.18 0.67
1991 13.24 12.46 12.83 12.03 106.69 3.76 36.68 21.86 0.70
1992 12.86 103.99

1Amtrak service began in 1971
2in regular route intercity service



than the value of transportation provided.
This analysis requires consideration of the
consumer’s perspective in addition to the
provider’s perspective.

Expenditures and Revenues
of Transportation Industries

As described in earlier chapters, no
single industry provides all transportation
services, equipment, and facilities, rather
suppliers are scattered throughout the
economy. Major players include carriers,
transportation brokers, and others who
support carriers, transportation equip-
ment manufacturers, and construction
establishments.

Since 1960, total revenues for the vari-
ous segments of the transportation indus-
try have grown tenfold, with passenger
transportation revenues growing faster
than freight transportation. (Table 5-8.)
The fastest growing sector is domestic air
transportation, with increases topping 11
percent per year. Intercity motor carriers
of property follow closely with double-
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digit growth as well. In contrast, inland
and coastal water transportation regulated
by the Interstate Commerce Commission
(ICC) had negligible growth over the three
decades.

Since airline deregulation began in
1978, the average fare per passenger-mile
has grown 3.5 percent annually, while air-
line costs per unit of transportation have
risen 5.1 percent a year. Travel agent com-
missions and landing fees have led the
increase. (See table 5-9.) Fuel costs have
contributed little to the rise, and actually
declined in 1992 from the previous year.

For-hire trucking companies are the
only providers of transportation service
for which the Bureau of the Census col-
lects detailed annual information on costs
and revenues. The Annual Survey of Motor
Freight Transportation and Public Ware-
housing—also known as WATS for ware-
housing and trucking survey—was
developed in response to the decline in
available information following deregula-
tion. WATS covers establishments with
payrolls classified in Standard Industrial
Classification (SIC) major group 42, which
are establishments primarily engaged in

TABLE IEEER

Airline Cost Index (1982=100)

Landing Traffic Passenger Advertising Composite
Year Labor Fuel Fees Interest Commissions Meals and Promotion Cost Index*
1978 71.9 40.1 75.7 80.3 47.8 79.0 51.7 60.9
1979 77.1 58.8 82.1 75.9 55.2 84.3 55.9 70.0
1980 98.8 91.6 90.0 88.7 77.3 94.3 69.5 86.3
1981 93.1 106.1 97.7 98.0 96.2 101.5 86.6 97.2
1982 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1983 107.8 90.5 100.3 103.7 106.7 103.6 101.9 101.8
1984 108.0 86.3 101.4 109.0 116.7 106.5 100.0 102.7
1985 1111 81.4 101.2 105.5 117.6 102.0 99.8 103.1
1986 108.8 56.4 112.6 100.8 119.5 102.4 103.4 96.6
1987 110.2 56.8 1215 5.0 128.9 105.6 90.9 98.4
1988 115.0 54.2 129.1 99.6 148.3 111.9 69.9 102.4
1989 1184 61.2 137.1 1115 163.4 122.8 105.0 109.0
1990 1211 78.7 148.1 107.3 176.8 132.6 107.6 1171
1991 127.6 68.9 161.9 88.3 193.5 141.4 97.9 119.8
1992 134.1 64.1 179.4 84.8 192.2 144.1 89.8 121.9

lincludes other costs not shown in details.



TTUHIOPUT LULIVET ULULIDUILY MU HTUUE T\LPUI L LuuT

for-hire trucking and public warehousing.
WATS does not cover independent owner-
operators who do not have a payroll,
trucking auxiliaries of establishments in
other lines of work, or shipper-owned
truck operations.

For the eight years covered by the sur-
vey ending in 1991, WATS measured a
39.3 percent increase in revenues and a
37.9 percent increase in operating expens-
es of the trucking companies sampled. Of
nearly $115 billion in operating expenses
for the industry in 1991, $109 billion was
in trucking and courier services. The
remainder was in the public warehousing
and storage part of the industry.

Operating expenses for the trucking
and courier part of the industry, which is
largely composed of the carriers regulated
in the past by the ICC, grew 27.3 percent
from 1986 to 1991, with payroll and fringe
expenses and purchased fuels accounting
for more than two-thirds of the increase.
(See table 5-10.) Within the payroll and
fringe category, payroll alone grew by 35
percent and social security and other
fringe expenses grew by 56 percent. The
purchased fuel category includes both
vehicle fuels and heating fuel for build-
ings. These relative increases are much
greater than the 20 percent growth of tons
and the 23 percent growth in ton kilome-
ters for ICC-regulated trucking reported in
Transportation in America for the same
period.

FIGURE

For-Hire Trucking Industry Operating
Expense Trends: 1988-1991
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The long term patterns of trucking
expenses make evident the large increases
in payroll and fuels compared to the
stability of the other categories. (See fig-
ure 5-11.) The category of purchased
transportation actually increased only
through 1988, and declined afterwards. A
lion’s share of purchased transportation is
attributable to leasing trucks with drivers,
which is an indicator of owner-operator
activity. (See table 5-11.)

Payroll and fringes have increased
from 39 percent of total expenses in 1986
to 43 percent in 1991. (See figure 5-12.)

TABLE EE

Operating Expense Change for For-Hire Trucking and Public Warehousing: 1986-1991
(In Billions of Current Dollars)

Expense Category 1986 1991 Percent Change
Annual Payroll and Fringes 33.7 46.9 39.2
Purchased Fuels 5.8 8.7 50.0
Purchased Transportation 18.2 19.3 6.0
Lease/rental 1.8 2.2 22.2
Insurance 3.1 4.0 29.0
Maintenance and Repair 4.9 6.1 24.5
Depreciation 4.5 5.6 24.4
Taxes and Licenses 2.0 2.42 0.0
Other n/a 13.9 n/a
TOTAL 85.8 109.2 27.3
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TABLE EA

Trends in Purchased Transportation by Trucking Companies: 1986-1991

(In Billions of Current Dollars)

1986 1991 Percent Change
Leased Trucks With Drivers 13.4 13.2 -1.5
Leased Trucks Without Drivers 2.3 3.6 56.5
Air, Rail, and Water Transportation
and Other Motor Carriers 25 2.6 4.0
TOTAL 18.2 19.3 6.0

Purchased fuel increased from a 6.8 per-
cent share to 8.0 percent. Purchased trans-
portation declined slightly, and other
categories held fairly stable.

The Bureau of the Census does not col-
lect similar statistics on railroads because
the dominant carriers report extensive
data to the ICC and the Association of
American Railroads. (See table 5-12.)
These statistics cover the Class | railroad
systems, which are the large interregional
carriers. The U.S. subsidiary of the
Canadian National Railroad is included,
but the smaller subsidiary of the Canadian
Pacific is not. These statistics do not cover
Amtrak and commuter railroads. Similar
statistics are not collected for regional car-
riers and short line railroads, which pro-
vide local links to the national network.

Annual revenue and expenditure statis-
tics for water transportation carriers,
intercity bus operators, school bus opera-
tors, the taxicab industry, and arrangers of
freight and passenger transportation are
not collected on a comprehensive basis.
Plans to cover these industries in annual
surveys by the Bureau of the Census await
funding.

Although the popular conception of the
transportation industry is focused on for-
hire carriers, the largest piece of the trans-
portation bill by industry is attributed to
transportation equipment manufacturers.
The transportation equipment industry
alone accounts for more than 2 percent of
GDP, generating $111.5 billion of the $5.2
trillion total in 1990.° This includes auto-
mobiles, motorcycles, trucks, truck trail-
ers, and motor homes, as well as parts and
accessories. It also includes aircraft, guid-
ed missiles and space vehicles, ships,

FIGURE
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boats, railroad equipment, and other mis-
cellaneous transportation equipment. In
total, more than 9,400 transportation
equipment establishments, employing
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TABLE EEEHA

Transportation Manufacturing Summary: 1992

Industry Number of Employees Value of Shipments
Establishments (2000) (In Millions of Dollars)
Motor Vehicles and Equipment 3,867 616 112,270
Aircraft and Parts 1,471 539 52,027
Ship and Boat Building and Repairing 2,566 205 13,326
Railroad Equipment 200 35 3,457
Motorcycles, Bicycles and Parts 273 13 1,341
Guided Missiles and Space Vehicles 105 146 14,398
Miscellaneous Transportation Equipment 961 43 14,398

TABLE EEEE

Revenues and Income of the Big Three

Net Income
(In Billions of Dollars)

Operating Revenues
(In Billions of Dollars)

General Motors 122.1 -4.9
Ford 88.3 -2.3
Chrysler 28.2 -0.5

TABLE B

Sales and Value of the Vehicle Market

Number of Value of Output
Vehicles Sold (In Billions of Dollars)
Passenger Cars 8,174,686 $151.6
Domestic Production 6,136,787 95.3
Sale of Imports 2,037,899 56.3
Light Trucks 3,143,788 62.0(est.)
Domestic Production 3,605,779 54.0 (est.)
Sale of Imports 538,009 8.0 (est.)

nearly 1.6 million workers, and with ship-
ments valued at more than $201 billion,
contributed to the U.S. economy in 1992.
Motor vehicle manufacturers in the
U.S., whether foreign-owned or domestic,
produced cars and light trucks worth
about $235 billion in revenues in 1991.
The Big Three U.S. automobile manufac-
turers (General Motors, Ford, and
Chrysler) produced about 4.1 million cars,
while seven foreign transplants produced,

domestically, almost 1.4 million cars.

Total production of the Big Three U.S.
automakers for the world market in 1990
was about 9.8 million, and accounted for
27 percent of world production of automo-
biles. Japan accounted for the largest
national share at 32 percent, and Western
Europe accounted for 31 percent.

The industry went through difficult
times in the 1980s, with some reasonably
good years in the middle of the decade. In
1991, the consolidated income statement
for the Big Three reached $238.6 billion.
(See table 5-13.) The total number of vehi-
cles produced by both domestic and for-
eign industry for the U.S. market reached
23,636,948. (See table 5-14.)

Corporate profits, the bottom line of
revenues and expenditures, have varied
significantly above and below the break-
even point since 1980. (See figure 5-13.)
The domestic industry lost more than $8
billion in 1991, as corporate downsizing
and restructuring activities were accelerat-
ed. Labor costs, retooling needs, price
increases in materials, and government
regulations have resulted in higher manu-
facturing costs over the years. Of similar
concern for automakers are health care
costs and unfunded pension liabilities. It
has been reported that health care costs at
General Motors amount to $1,500 per
vehicle produced, while Ford and Chrysler
were at $700-$750 per vehicle. Unfunded
pension liabilities are between $14 and
$19 billion at General Motors.®

Aircraft producers make up another
transportation equipment manufacturing
industry of national concern, particularly
because of their significant contribution to



the balance of trade. Trends that now
define the industry include lower demand
and declining orders, reduced military
spending, and competitive pressures from
European manufacturers which are often
government supported enterprises.

The U.S. aircraft manufacturing indus-
try includes the two major producers of
large civilian planes: Boeing and
McDonnell-Douglas. Shipments of large
aircraft (more than 70 seats) declined
from 3,675 to 2,444 between 1989 and
1992.7 In recent years, sales of exported
aircraft increased from $14.4 billion in
1989 to $23.1 billion in 1992. For 1992,
operating revenues for these two produc-
ers totaled $47.6 billion, cost reached
$43.7 billion, and unit deliveries totaled
572. (See table 5-15.)

The industry may be headed toward
stronger growth in the next several years.
Airbus Industrie, an aggressive European
manufacturer, delivered 157 aircraft to
U.S. carriers in 1992. In 1993, major orders
were received for 30 Boeing 767 freighters
from United Parcel Service and 20 737s
from the Republic of China; Southwest has
just placed an order for the new 737-x. The
forecasted value of imports in 1993 is $5.9
billion, while exports are predicted to be
$23.3 billion, making this industry a major
contributor toward achieving a positive
balance of trade.®

T A B L E EXES)

Major U.S. Aircraft Manufacturers: 1992

Revenues Cost
(In Billions (In Billions Unit
of Dollars) of Dollars)  Deliveries
30.2 28.1 446
McDonnell-Douglas  17.4 15.6 126

Construction of transportation facili-
ties is another key part of the broadly
defined transportation industry. The 1987
Census of Construction reports the value
of construction, which represents total
value of construction work, as well as the
transportation components of these val-
ues. Summing those transportation-relat-
ed items across construction industries
gives a total of almost $39 billion spent on
all transportation construction in 1987.
(See table 5-16.)
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FIGURE

Corporate Profits Before Taxes:
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An alternative measure of activity is the
value of new construction put in place. By
this measure, construction was relatively
flat for the years 1989-1991. Preliminary
figures for 1992 show a significant upturn
in new construction. (See table 5-17.)

Transportation construction costs are
most closely tracked by the U.S.
Department of Transportation (DOT) for
highways. The cost of highway construc-
tion has increased more than 5 percent a
year since 1960, while the cost of highway
maintenance and operation grew 5-8 per-
cent annually. (See table 5-18.) This price
inflation has slowed considerably since
1985, however, with highway construction
up less than one percent annually and
maintenance rising only 3.2 percent a year.

Expenditures and Revenues
of Public Agencies

Most expenditures for transport ser-
vices and equipment are made directly by
consumers and the private business sector
in the United States, but federal, state and
local governments play significant roles in
supporting the provision of infrastructure
for a number of the modes of transporta-
tion. These governments make expendi-
tures to build, maintain and administer a
major portion of the nation’s transporta-
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TABLE EEIY

Transportation Construction: 1987

Construction of
Bridges, Tunnels, and

Highway and Street
Construction

Heavy Construction
Not Elsewhere

(SIC 1611) Elevated Highways Classified (SIC 1629)
(SIC 1622)
Establishments 10,986 1,159 14,532
Employees 284,380 47,494 297,618
Value of Construction ($ thousands) $34,161,427 $5,480,936 $25,632,969
Highways, Streets, and Related Facilities 28,123,431 387,161 923,313
Airport Runways 123,809 - -
Bridges, Tunnels, and Elevated Highways 1,152,276 4,476,501 532,104
Marine Construction 88,785 29,291 1,379,611
Harbor and Port Facilities - 53,509 431,507
Mass Transit 54,092 - 780,781
Pipelines (Except Water) - - 249,086
Buildings and Other Construction 4,619,034 534,474 21,336,567

TABLE B

Value of New Construction Put in Place (In Millions of Dollars)

1989 1990 1991 1992 (preliminary)
Highways and Streets 28,837 31,155 29,918 32,884
Public transit systems, airfields,
open parking facilities,
power generating facilities, etc. 8,254 8,616 8,077 9,449

tion facilities and services, funding high-
ways, airports, transit systems, and water
transport facilities, among others.
Governments also play a role—for the
most part a secondary one—in funding the
operating costs or the operating loses of
modes in which there is an important pub-
lic interest. Government expenditures
reached nearly $108 billion in fiscal year
1991, the most recent period for which
data are available.® Total spending by fed-
eral, state, and local governments has
equaled one-tenth the size of the total
transportation bill since 1960.1°

This section broadly describes the tax
and user-fee revenue sources applied by
governments to transportation in the U.S. It
points out how those governments made
their transportation expenditures and com-
pares 1991 figures with a decade earlier
expenditures and revenues in 1981. The sec-

tion concludes with a description of the role
of trust funds in the financing process (indi-
cating changes over time in the balances of
those trust funds), defines the role of tolls in
transportation finance, and reports the fig-
ures for the DOT budget for the most recent
year.

Government Transportation
Expenditures

Government transportation expendi-
tures were 4.5 percent of all government
expenditures in fiscal year 1991: They
amounted to 0.9 percent of all federal
expenditures, 10.3 percent of state expen-
ditures, and 8.3 percent of expenditures at
the local level.!! (See table 5-19) The
growth of total expenditures over the last
decade has been driven primarily by state
and local spending, although the increase
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The 1993 Budget of the U.S. Department of Transportation

In fiscal year 1993 the U.S. Department of Transportation’s (DOT) budget
totaled $34 billion. This sum was applied to infrastructure support, administrative
expenses, and research and development. About half the total spending authority
was accounted for by the Federal Highway Administration; the Federal Aviation
Administration ranked second, with a quarter of DOT’s expenditure authority;
water-related activities were third, with an eighth of the Department’s total (the
Coast Guard and the Maritime Administration, combined, had expenditure authori-
ty of $3.1 billion, 12 percent of the total); and rail was last among the modal operat-
ing administrations.*?

U.S. Department of Transportation
Expenditure Authorizations: FY 1993

Amount Percent*

(In Millions

of Dollars)
Federal Highway Administration 15,753 46.1
Federal Aviation Administration 8,918 26.1
Federal Transit Administration 3,800 11.1
U.S. Coast Guard 3,585 10.5
Federal Railroad Administration 950 2.8
Maritime Administration 564 1.6
National Highway Traffic
Safety Administration 270 0.8
All Other DOT Organizations 338 1.2
TOTAL 34,178 100.0

*Percentages rounded, do not total to 100%.

Figures from DOT’s budget do not account for all the federal government’s authori-
ty to spend in any particular fiscal year because other agencies’ budgets reflect expen-
ditures on infrastructure, maintenance, administration, and research for
transportation. To give but a few examples, the overall federal total encompasses dol-
lars spent by: the Corps of Engineers on the waterways; the Department of Agriculture
for forest roads, the Department of Energy on vehicle research, and the regulatory
agencies—the Interstate Commerce Commission, the Federal Maritime Commission
and Federal Energy Regulatory Commission—on economic and safety administration.

The DOT budget figures reflect indirect expenditures as well as direct ones,
because while a portion of the total goes to federal salaries and equipment (for
example, to support traffic control, safety regulation, and navigation assistance) a
major share of DOT's authorizations is expended as intergovernmental transfers,
made to state and local governments. The states and localities, in turn, make the
actual payments for operations, or for facility expansion, restoration, or repair.
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TABLE EEEE

Price Indices for Federal Highway Construction and Maintenance (1987=100)

Composite Price of Federal-Aid Total Cost of Highway Total Cost
Year Highway Construction Maintenance and Operation 1977=100

1960 23.0 19.1 38.6
1965 25.0 21.8 44.2
1970 34.8 28.4 57.6
1971 36.8 29.9 60.5
1972 38.6 32.0 64.9
1973 42.5 345 69.9
1974 57.9 38.6 78.2
1975 58.1 42.1 85.2
1976 56.3 45.8 92.7
1977 59.8 49.4 100.0
1978 70.7 53.2 107.8
1979 85.5 58.4 118.2
1980 97.2 66.5 134.6
1981 94.2 72.2 146.3
1982 88.5 79.0 160.0
1983 87.6 82.1 166.3
1984 92.6 85.9 173.9
1985 102.0 91.0 184.4
1986 101.1 95.7 193.7
1987 100.0 100.0 202.5
1988 106.6 104.1 210.8
1989 107.7 108.2 219.1
1990 108.5 112.7 228.2
1991 107.5 109.9 222.6
1991/1960 4.67 5.77

CARC 1960-91 5.1% 5.8%

CARC1985-91 0.9% 3.2%

is not dramatic when adjusted for infla-
tion. (See figure 5-14.)

Unguestionably the highway field has
the greatest expenditures, just as highway
users generated the most government rev-
enues. The growth of expenditure has
been higher, though, in air transport and
in transit. The rate of growth was much
lower in water transport, and there was a
decline in spending for rail freight and
passenger activity. In the case of rail
freight the expenditures in 1981 were

largely for Conrail, which has since been
privatized, but in the 1970s and the 1980s
the federal government spent major sums
to improve Conrail’s track and operations.

Federal expenditures for transporta-
tion. The federal share of the $108 billion
expended by all governments on transport
in fiscal year 1991 amount to $32.3 billion,
or 30 percent, of all transport expenditure
(slightly less than the 34-percent federal
share of revenues). Federal revenues
increased in dollar terms from 1981 to



1991 by $6.5 billion (25.4 percent), but in
constant dollars they declined by 1.21 per-
cent annually. The major federal focus of
expenditure was highways, followed by
transit. Highway grants more than dou-
bled from 1981 to 1991, while transit
grants were virtually static. The major
gainer was air transportation, more than
tripling over the period.'? (See table 5-20.)

State government expenditures for
transportation. The states spent $44.9 bil-
lion on transportation in fiscal year 1991,
up 93 percent from the $23.3 billion spent
in 1981. The great bulk of these dollars—
$38.9 billion—went for highways, with
transit in second place at $4.7 billion, and
airports third at $0.8 billion. Highway
expenditures were up 88 percent from
1981, transit was up 181 percent, but
water expenditures at $487 million in 1991
were actually down 4 percent from $509
million in 1981.14

Local government expenditures for
transportation. Total transport expendi-
tures of cities, counties and other local
governments in 1991 were $50.9 billion,
up from $25.9 billion in fiscal year 1981,
and the highest expenditures for any of
the three categories of government. The
increase over the period equaled 97 per-
cent compared with the 93 percent state
increase and a 25 percent increase in fed-
eral expenditures. The largest modal
expenditures were $26.9 billion for high-
ways ($26 billion) and parking ($0.9 bil-
lion), followed by $16 billion for transit
and $6.5 billion for airports. The greatest
rise in local expenditures—167 percent—
came for airports, with transit rising 96
percent and highways (plus parking) up 88
percent.!®

Government Transportation Revenues

Government transport expenditures
are supported in large part by tax revenues
supplied directly or indirectly by users of
transportation. Governments generate
these revenues from quite a variety of
charges paid by users either on a periodic
or occasional basis (such as license fees
and excises), or as the users consume
infrastructure services (such as fuel taxes
and tolls). From the user’s standpoint
some of these fees operate as fixed costs of
doing business, while others are variable
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FIGURE
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TABLE EREEE]

Federal, State, and Local Transportation Expenditures by Mode, and Percent Change:
1981 and 1991

Fiscal Year 1981

(In Millions of Current

Fiscal Year 1991
(In Millions of Current

Dollars) Dollars)
Transit 9,899 20,792 +110
Highways (including parking) 35,878 66,480 +85
Air 6,124 13,879 +129
Water 4,399 5,728 +30
Rail Freight 2,760 42 -98
Rail Passenger 1,094 741 -32
Pipeline 8 26 +225
Unallocated 186 190 +2
TOTAL 60,348 107,878 +79

Federal Transportation Grants, by Program, and Percent Change:

FY 1981
(In Millions of
Current Dollars)

TABLE SN

1981-1991

FY 1991
(In Millions of
Current Dollars)

Highway 10,181.0 14,751.0 102.7
Air 469.0 1,541.0 228.6
Transit 3,860.0 3,881.0 0.6
Rail Freight 52.0 8.0 (84.2)
Rail Passenger 0.5 — —

Pipelines 3.5 9.2 163.6

costs paid only when an incremental
amount of transportation is produced or
consumed.

Additionally, government supports a
significant minority share of infrastruc-
ture cost through the application of gener-
al tax revenues. For example, local
governments spend local property tax
receipts on transit and streets, or earmark
special local sales taxes for transportation
purposes; some state income taxes go to
support rail and intercity bus services; the
federal government spends general trea-
sury funds on waterway construction,
operation and maintenance, and the
salaries of air traffic controllers. Most
transportation businesses and users pay

the same general taxes and most trans-
portation activity is treated as any other
activity for the purpose of applying gener-
al tax instruments (with some important
exceptions, such as states that exempt
gasoline from general sales taxes, or place
motor vehicle sales tax receipts in a spe-
cial transportation trust fund, rather than
in the general fund with other sales tax
receipts).1® Overall, general tax revenues
support about 30 percent of all public
transportation expenditures, with trans-
port-related revenues providing the major-
ity support.t’

U.S. transportation revenues equaled
$77.4 billion in fiscal year 1991, some 3.6
percent of all government revenues.!®

Percent Change

Percent Change



Those revenues included amounts collect-
ed from user charges (from sources such
as gasoline and diesel taxes, registration
and licensing fees, and airport facility
charges); excise taxes; and fares paid by
transport consumers such as transit rid-
ers, plus other operators’ revenues. The
transportation revenue total does not
include amounts from government general
funds (supported by income from general
taxes such as sales, income, and property
levies), or subsidies from other govern-
ments (intergovernmental revenues).
Overall, government transportation rev-
enues were growing at a compound rate of
8.6 percent annually from 1981 to 1991.%°

The number of transportation revenue
sources is too great to recite, but federal
user charges for motor vehicles indicate
the variety that is utilized: gasoline tax of
17.4 cents per gallon, diesel fuel tax of
23.4 cents per gallon, excise tax on trucks
and trailers of 12 percent of value, a
weight-based tax on tires and tubes, and
an annual heavy vehicle tax based on reg-
istered gross vehicle weight.?° At various
times, the federal government has
employed many other transportation rev-
enue measures for highways (such as
excise taxes on automobile sales values).
Both state and local governments use
motor vehicle taxes similar to those
named above, in addition to utilizing a
number of other kinds of taxes.?* Other
modes have similar varieties of revenue
sources.

In both 1981 and 1991, revenues were
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exceeded by expenditures, but the trend
was to reduce the gap to 72 percent of
expenditures covered by revenues in 1991
versus 56 percent coverage in 1981. The
lowest coverage in 1991 occurred in transit,
42 percent, but the ratio had increased
from 31 percent in the earlier period. The
highest coverage ratio in 1991 was the 86
percent found in air transport, up from 64
percent in 1981. The great majority of all
transportation revenues were highway-
related ($53 of the $77 billion, or 70 per-
cent), and revenues for highways covered
81 percent of expenditures. (See table 5-21.)

Although highway sources bring in by
far the largest share of all transport rev-
enues (more than $50 billion annually in
recent years), the greatest percentage
change in revenues from 1981 to 1991, as
calculated for the major modes, took place
in the nonhighway fields—air transport
accounted for 204.7 percent, followed by
revenue increases in transit (185.4 per-
cent) and water transport (114.2 percent).
Highway revenues increased the least
(108.9 percent).??

Federal transport-related revenues.
The federal share of the nation’s $77.4 bil-
lion in 1991 transportation revenues—
$26.0 billion—was slightly more than
one-third of the total—33.6 percent. This
federal share increased from 28.5 percent
in 1981. In current dollar terms federal
revenues rose at a 6.6 percent rate from
1981 to 1991 (up 105 percent).?® (See table
5-22.) Both air and water receipts more
than tripled over the period; federal high-

TABLE ERENA

Federal, State, and Local Government Transportation Revenues, Percent Change
and Ratio of Transportation Revenues to Expenditures, by Mode: 1981 and 1991
(In Millions of Current Dollars)

Revenues, Revenues, Percent Revenues to Revenues to
FY81 FY91 change Expenditures Expenditures
Ratio, FY81 Ratio, FY91

Transit 3,076 8,778 +185 31 42
Highways 25,334 52,914 +109 71 81
Air 3,913 11,924 +205 64 86
Water 1,335 2,860 +114 30 50
Parking 369 924 +150 n/a n/a
Pipeline — 10 — 0 39
TOTAL 34,028 77,410 +127 56 72
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Toll Financing

Toll facilities for motor vehicle traffic—auto-
mobiles motor carriers, pedestrians—and for
waterborne traffic are wide-spread in the United
States, although these facilities are in the minor-
ity compared to facilities financed through gen-
eral user fees and taxes. The total extent of toll
roads, toll bridges, and toll tunnels as of January
1993 equaled 4,400 miles. Revenues accruing to
state and local government agencies from high-
way toll facilities in 1991 totaled $4.5 billion, up
136 percent from $1.9 billion in 1981.

Today’s highway toll facilities are owned and
operated by numerous entities, mostly public
sector authorities, districts, or agencies of gener-
al government. They were often financed by issu-
ing bonds and using toll proceeds to provide for
operating and maintenance expenses as well as
for the purpose of retiring the bonds when due.
Many of the country’s toll roads were built in the
period after the Second World War and before
the Federal-Aid Highway Act of 1956, which
authorized the Interstate Highway program.
After 1956 relatively few toll roads were built,
but the Intermodal Surface Transportation
Efficiency Act of 1991 (ISTEA) has given new
impetus to toll finance by making toll facilities
broadly eligible for federal-aid highway funds,
and quite a number of new roads are under con-
struction or in the planning stage.

In 1993 some seven new facilities were
underway in California (supported by the
California Transportation Commission), two
were planned in Colorado (by the W-470 Public
Highway Authority and by the Front Range Toll
Road Company), one each were proposed in
Delaware and Florida by the state DOTSs, seven
were under construction or planned in Kansas
by the Kansas Turnpike Authority, the South
Carolina Department of Highways and Public
Transportation had three projects, and in Texas
the Texas Turnpike Authority had three projects
while Camio Columbia, Inc. had one in Laredo.
In Virginia the Department of Transportation
had a project, the Southeastern Expressway, and
the Toll Road Corporation of Virginia had
another, the Dulles Toll Road Extension. The
number of new highway projects underway or
proposed in the 3 years since passage of ISTEA
far exceeds the number implemented in the
decades since the Interstate Program began, sug-
gesting that toll financing could be of great
importance in the years to come.

way receipts doubled.

State government transport-related
revenues. State governments obtained
$36.6 billion in transport revenue in fis-
cal year 1991, up from $17.8 billion in
1981 (a 99.5 percent increase). Almost all
of these receipts were from highway
users: Fuel taxes were $20.6 billion; vehi-
cle license fees totaled $10.1 billion; toll
highway revenues were $2.8 billion; and
vehicle operator license taxes equaled
$0.9 billion. Highway revenues totaled
$34.4 billion while other sources brought
in $2.1 billion: airport charges equaled
$0.6 billion; water transport charges
were $0.4 billion; and transit charges
were $1.1 billion.?*

Local government transport-related
revenues. Total transport receipts of
cities, counties, and other local govern-
ments in 1991 were $14.8 billion, up from
$6.5 billion in fiscal year 1981, but still the
lowest of the three categories of govern-
ment in both periods. The increase over
the years equaled 128 percent, a greater
percentage rise than for either the federal
government (105 percent) or the states
(99.5 percent).

Unlike the case of national and state
governments, which rely on highway
sources for the great bulk of their trans-
portation revenues, the key local funding
sources were airport charges at $5.1 bil-
lion, followed closely by transit charges at
$4.5 billion.?> Highway tolls come next at
$1.7 billion while motor fuel and vehicle
licensing charges together were $1.5 bil-
lion, with parking at $0.9 billion—giving
the highway sector a total of $4.1 billion
in revenues for third place among the
modes. However, the increase in local
highway revenues from 1981 to 1991 was
172 percent (with the highest increase of
194 percent coming in the category of
tolls). The large percentage gain in the
highway category was almost matched by
increased air revenues at 170 percent.
Local transit increases trailed with an 82-
percent rise.?®

The Balance Sheet

Total government expenditures and
revenues for transportation have increased
every year in current dollars over the past
15 years. (See figure 5-15.) In constant
dollars, revenues declined in the late



1970s, but they began to rise in the mid-
to-late 1980s, ending about 40 percent
higher in fiscal year 1991 than they were
in 1977. Constant-dollar expenditures
grew from 1977 to high points in 1981 and
1982, then declining until 1985 when it
began a steady climb. By fiscal year 1991,
expenditures were a quarter higher than in
1977. (See figure 5-16.)

Revenue-to-expenditure ratios rose
across the board for all the modes over the
period, but in every case were less than one.
Government revenues were always exceeded
by government transport expenditures. The
differences were made up by borrowings or
by payments from general fund accounts.

In 1991 about 62 percent of all govern-
ment expenditures were made for highways
and parking, while 70 percent of all govern-
ment transportation revenues came from
highway sources. The mode in second place
as to expenditures was transit (19 percent,
and with 11 percent of the revenues). Third
in expenditure was air transport (13 percent,
but with 15 percent of the revenues). Water
transportation had 5 percent of the expendi-
tures and 4 percent of the revenues.?’

One can also view modal expenditures
in light of the jurisdiction that makes
direct expenditures for that mode. For
example, state governments spent $38.9
billion on highways in 1991, while local
government spent $26.9 on highways and
parking. The federal government spent
only $693 million because most federal
highway funding was passed through to
the other levels of government.?® (The fed-
eral government has only minor numbers
of federal park and government facility

1 TdIsporduort dina s Losts

roads under its direct jurisdiction.)

In the case of transit, local govern-
ments spent $16 billion and states $4.7 bil-
lion in 1991, while direct federal
expenditures were just $36 million. (In
this case, some state revenues were
passed through to local governments as
well.) With regard to airports, local
expenditures totaled $6.5 billion, federal
expenditures were $3.7 billion, and state
government spent $759 million. Water
transport expenditures were $3.7 billion
by the federal government, $1.6 billion
by local governments (ports and related
facilities), and $487 million directly.?®

The Bottom Line:
Implications for the
National Economy

How does this varied picture of expen-
ditures and revenues translate into an
answer to the question: “Is the cost of
transportation getting better or worse?”
The traditional response is based on mea-
sures of productivity, which in theory
identify the amount of transportation we
are getting for each dollar spent.
Traditional measures of productivity indi-
cate that we are getting more transporta-
tion than other business activity for the
dollar over time. Productivity trends for
five transportation activities (pipelines,
rail, air, buses, and trucking) indicate
that, with one exception, transportation
productivity has outpaced the overall

T A B L E B4
Federal Transportation Revenues, by Mode: 1981 and 1991
(In Millions of Current Dollars)
Percent
FY81 FY91 Increase Change*
Highway Trust Fund Transit Account 0 3,149 3,149 —
Highway Trust Fund 7,434 15,303 7,869 105.9
Airport/airways Trust Fund 1,815 6,206 4,391 241.9
Water Receipts 431 1,325 894 207.4
Pipeline Safety Fund 0 11 11 —

*Percent change, shown only for accounts established by FY81.
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FIGURE
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business sector including agriculture. (See
table 5-23.) Indeed, rail transportation out-
put per employee-hour has grown at the
extraordinary rate of 6 percent a year, three
times the average for the total business sec-
tor. The exception to these growth trends is
in output per employee-hour in the interci-
ty bus industry, which has shown no mea-
sured growth over the last three decades.
This assessment of improved transporta-
tion productivity must be tempered, howev-
er, with the sobering problems of
productivity measurement. As noted in a
recent symposium, we have neither the
data nor the constructs to state without
strong reservations that we are getting
more or less transportation output for the
dollar.® Productivity is supposed to be a
ratio of inputs to outputs, holding the eco-
nomic value of the output constant.
Although the inputs are relatively easy to
measure (such as labor hours and equip-
ment costs), no one has successfully
advanced a satisfying measure of output
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that captures the quality or diversity of
transportation. The traditional measures of
ton-miles and passenger-miles do not dif-
ferentiate transportation requirements by
commodities carried or trip purpose
served. Even if a measure such as ton-miles
can be disaggregated and refined to the
point of acceptance, current data sources
are inadequate to meet the precision
required for productivity measurement.

Productivity is only a part of the bot-
tom line. What we pay for transportation
has consequences for international com-
petitiveness, regional economic develop-
ment, and the economic health of
American households. The distribution of
transportation costs is as important as the
average. Some areas that incur high local
transportation costs because of difficult
terrain, low population density, and eco-
nomic obsolescence are often home to
impoverished populations who are least
able to afford the price.



Transportation Trust Funds and
Federal Trust-Fund Balances

The accounting device of the trust fund is
an important feature of much government
transportation expenditure. User fees and
other revenue related to a particular mode of
transportation is gathered and placed in a spe-
cial government account, with the cumulated
proceeds (and sometimes the interest earnings
on those proceeds) dedicated or earmarked for
expenditures to benefit that transport mode.
Trust funds began in highway finance in the
states, sometimes with state constitutional
requirements that all highway funds, as
defined, be spent for highway purposes. Today
there are four modal areas for transportation
trust funds at the national level—highways,
airports and airways, transit, and water trans-
portation.3!

Trust funds usually build up unspent bal-
ances, partly because much transport finance
is pay-as-you-go, requiring funds to be avail-
able before expenditures are made. There are
other reasons for unspent balances, such as
controversy over transportation projects lead-
ing to delays or inhibiting expenditures, or
macroeconomic policy decisions not to spend
because spending would add to budgetary
imbalance or inflationary pressures.

End of Year Trust Fund Balances
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Transportation and Its Costs:
What More We Need to
Know

Our understanding of what we pay for
transportation, what individual costs con-
tribute to what we pay, and how what we
pay affects the economic health of the
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nation and its citizens is severely limited by
data, analysis, and concepts. We lack basic
revenue and expenditure data for many
segments of the transportation industry,
and must contend with inconsistent
accounting of expenditures and revenues
for the remaining segments. We have inad-
equate models of the relationships between
transportation and economic activity,
whether by industry or geography, to sup-
port analyses of the consequences of trans-
portation. We lack a consensus on basic
concepts such as productivity and what
constitutes the economic output of trans-
portation. And we have barely begun to
consider international comparisons of eco-
nomic performance or the consequences of
NAFTA for distinguishing between interna-
tional and domestic transportation. These
topics are not of idle academic interest; cal-
culations of vital statistics such as the bal-
ance of trade can be affected.

North American and intercontinental
issues raise the need to distinguish
between a national and a domestic per-
spective. The former includes the activity
of U.S. citizens, including corporations,
whether operating within our geographic
borders or in other countries. The latter
concept includes those activities occurring
within our borders, whether by foreign cit-
izens or corporations or U.S. citizens. This
concept is embodied in GDP, which now
represents the total output of our nation
rather than Gross National Product.

Several deficiencies in attempts to
measure the role of transportation activity
in generating GDP have already been iden-
tified. Moreover, the appropriate deflators
for certain international account items are
not currently published but should be
secured to determine transportation’s true
role in real national economic activity.

We need more complete modal data.
We lack basic cost data on private trucking
and other forms of own-account trans-
portation, as well as data on self-employed
providers of transportation service. We
know very little about the expenditures and
revenues of intercity and school bus opera-
tors, the taxicab industry, short line rail-
roads, and much of water transportation.

In addition to data needs for an indus-
trywide perspective, we need data on spe-
cific topics such as employer-provided
parking. We lack consistent, nationwide
data on the size and distribution of park-
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TA B L E EEEE]

Measures of Transportation Productivity (1982=100)

Petroleum Railroad Bus Carriers, Air Trucking Total Business

Pipelines Transportation Class |, Transportation Local Sector Output

QOutput per Revenue Traffic Output Output per Output QOutput per per
Year Employee-Hour per Employee-Hour Employee-Hour per Employee Employee Employee-Hour
1960 36.6 38.9 97.2 29.9 61.5 65.5
1961 39.0 42.0 99.1 31.6 62.3 68.0
1962 40.7 45.1 108.5 35.1 64.2 70.4
1963 44.9 47.3 110.0 38.6 67.3 73.2
1964 48.7 50.4 1111 42.3 69.0 76.4
1965 57.8 56.2 117.7 47.3 715 78.5
1966 65.1 60.6 120.2 53.1 75.2 80.7
1967 72.7 62.3 116.2 56.7 72.5 82.7
1968 77.0 65.6 114.5 59.2 77.0 85.3
1969 83.2 68.2 111.2 60.8 78.9 85.7
1970 89.2 67.0 108.6 62.1 77.4 86.9
1971 92.4 69.8 106.0 66.2 82.1 89.8
1972 104.1 75.9 108.0 73.0 87.7 92.6
1973 109.7 83.1 107.4 74.5 89.5 95.0
1974 106.6 80.9 111.5 75.3 86.4 93.2
1975 107.1 77.3 98.2 76.1 82.6 95.4
1976 106.8 82.3 94.9 83.0 92.9 98.2
1977 1121 86.4 101.1 87.0 92.6 99.8
1978 114.0 90.2 97.9 95.1 106.7 100.4
1979 114.0 90.4 99.5 98.5 108.0 99.3
1980 104.4 92.6 102.1 92.4 99.7 98.6
1981 96.4 96.1 91.8 91.4 107.6 99.9
1982 100.0 100.0 100.0 100.0 100.0 100.0
1983 106.5 122.4 96.4 110.4 121.2 102.2
1984 117.9 131.9 92.0 114.8 125.5 104.6
1985 118.5 139.7 88.3 118.8 120.6 106.1
1986 121.0 153.8 87.9 119.9 124.6 108.3
1987 118.7 178.3 91.9 126.9 128.7 109.4
1988 124.3 195.3 99.2 122.5 135.7 110.4
1989 122.4 207.4 96.2 118.3 140.9 109.5
1990 121.6 218.1 n/a 113.7 n/a 109.7

1991 117.6 236.2 n/a 115.3 n/a 110.1




ing costs. Such data would be valuable in
ongoing discussions of taxation and envi-
ronmental policies.

We collect extensive data on house-
hold travel by trip and traveler character-
istics, but very little on the costs of that
travel by those characteristics. Our infor-
mation on the costs of business travel is
particularly limited.

The data problems are exacerbated by a
continuing divergence between the pub-
lished price of transportation and the prices
that people pay. Deregulation of freight car-
riers has been followed by a dramatic
increase in the use of contract rates rather
than published tariffs. On the passenger
side, a large percentage of travelers pay con-
tract rates negotiated by their employers or
highly volatile discount rates. Frequent flyer
bonuses and free travel from overbooking
make prices even harder to determine. The
involvement of travel agents, tour operators,
and others adds further complexity by
increasing the number of players to monitor
and by mixing transportation and other
costs into package deals.

Transportation productivity is a key
element to a healthy transportation sector,
and one that is contributing to economic
growth. Yet current measures do not cover
all forms of transportation; nor, are they
based on adequate data. It is critical that
we have valid productivity measures for all
major passenger and freight transport
modes. Data series describing transporta-
tion’s contribution to productivity in other
industries would vastly improve our
understanding of where additional trans-
portation-related investment is warranted.

The relationships among transportation
investments, productivity changes, and
GDP growth has been debated, often with
assumptions and data variability that dwarf
the conclusions of analysis.3 Analyses of
these relationships should be performed
once the worst productivity measurement
issues are resolved and we have a wider
consensus on the portion of the economy
represented by transportation.

Although a good deal of data about
government transport revenues and expen-
ditures is to be found, extensive analyses
and data development related to flows of
public funds and cost allocation are also
needed. Much transportation finance is
based on a user-pays principle; yet, only
highway investments have been continual-
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ly analyzed to determine relationships
between user charges and public costs.

Transportation spending is sometimes
targeted at specific geographic areas or
types of programs to generate employ-
ment. Yet the relationships between
spending and job creation are not well
known across all modes. For example, we
have not followed major locally targeted
investments to determine how much geo-
graphic dispersion of the spending occurs
through out-of-town subcontractors.
Further, although we know the element of
public income statements for publicly sup-
ported transportation, we do not have sat-
isfactory information on balance sheets.
Financial data on both the value of facility
inventories and the cost of supplying
inventory replacements of an appropriate
nature are missing.

The Bureau of Transportation Sta-
tistics will not lack for challenges, either
to meet basic data needs, define funda-
mental measures of economic perfor-
mance, or conduct needed analyses. The
largest challenge will be to set priorities
among many overdue initiatives for better
data collection and analysis.
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CHAPTER

TRANSPORTATION
and
SAFETY

Ithough we have made enormous

progress over the past two decades in

reducing accident rates per mile of
travel, the problem of deaths and injuries during travel is far
from solved. Much remains to be done both in terms of
research to better understand transportation accidents and in
devising means to prevent them. Despite the continued down-
ward trend in transportation fatalities, transportation-related
accidental deaths continue to account for half of all acciden-
tal deaths in this country. (See table 6-1.) Although deaths
due to cancer and heart disease—the two leading causes of
death in this country—far outnumber deaths due to injury,
more years of life are actually lost due to deaths by injury.
This is a result of the ages at which these types of death
occur. (See figure 6-1.) Of the approximately 140,000 deaths
by injury in the United States each year, 40,000 to 45,000 are
due to traffic accidents. Nearly three million people incur
minor or moderate injuries due to transportation accidents.

Accident Experience by
Transportation Modes

ships; releases of hazardous materials in
transportation accidents; and criminal or
terrorist actions against travelers and the
transportation system.

Transportation safety concerns encom-
pass travel on the streets of neighborhoods
and communities; travel on highways, in
the air, on railroads, and on boats and

The number of safety incidents, acci-
dents, or crashes is difficult to compare
across modes and over time. Different defin-
intions are used, even for the same mode.
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TABLE I

Accidental Deaths: 1981-1982

% Transportation

Transportation Deaths of Total

Year All Causes Related Deaths
1981 100,704 53,510 53.1
1982 94,082 48,105 51.1
1983 92,488 46,425 50.2
1984 92,911 47,923 51.6
1985 93,457 47,756 51.1
1986 95,277 49,505 52.0
1987 95,020 49,960 52.6
1988 97,100 50,534 52.0
1989 95,028 49,150 51.7
1990 91,983 48,125 52.3
1991 87,300 44,730 51.2
1992 83,000 42,272* 50.9
Average

Annual%

Change

1981-1992 -17 -2.1

*Does not incluide waterborne commerce

For example, motor vehicle accidents as
defined by the National Safety Council and
reported in National Transportation Statistics
are two-to-three times higher than the
police-reported crashes measured by the
National Highway Traffic Safety Ad-
ministration (NHTSA), while the National
Safety Council’'s data on injuries show half
of NHTSA's numbers. Definitions and re-
porting systems also change over time.

By any measure, accident statistics are
dominated by motor vehicles. According
to data for the year 1988, motor vehicle
accidents are the leading cause of acci-
dental death for individuals younger than
78 years.! The greatest number of motor
vehicle fatalities occur to persons age 18.
Motor vehicles accounted for 91-93 per-
cent of all transportation fatalities over
the past 12 years. (See table 6-2.)
Similarly, motor vehicle accidents have
accounted for the majority of the trans-
portation accidents and injuries in the
same period. (See tables 6-3 and 6-4.)
Recreational boating and general aviation
are the next most hazardous activities,
accounting for less than 5 percent of

transportation-related fatalities in 1992.
Rail rapid transit, hazardous materials
transport, and pipelines are the three
safest transportation activities. Together,
they accounted for less than 0.3 percent
of total transportation fatalities in 1992.

Especially in the highway mode, serious
injuries are a problem comparable in mag-
nitude to accidental deaths. Occupants not
wearing restraints were almost three times
as likely to be severely or fatally injured as
occupants wearing restraints. Seat belt
usage has been increasing steadily. Forty-
three states now have seat belt laws, and
all 50 plus the District of Columbia have
child restraint laws. Accidents in which
alcohol was involved are more than three
times as likely to produce severe or fatal
injuries as those in which alcohol was not
reported as a factor.

All other things being equal, the more
a person uses the transportation system
the greater the likelihood that person will
be involved in a traffic accident. Modal
comparisons based solely on the absolute
numbers of fatalities or accidents fail to
take into account different levels of acci-
dent exposure experienced by different
modes. Different measures are typically
used for different modes to estimate expo-
sure. For example, one typical way of mea-
suring highway traffic exposure is the
number of miles traveled by motor-vehi-
cles. Accident exposure in air transporta-
tion is measured by the number of miles

FIGURE
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TABLE IEEFE

Trends in Fatalities by Transportation Mode: 1981-1992

Rail-Highway
Air General Motor Grade Rapid  Waterborne Recreational Hazardous
Year Carrier* Aviation Vehicle Railroad Crossings Transit Transport Boating Pipeline Materials TOTAL
1981 132 1,282 49,301 556 728 103 154 1,208 21 25 53,510
1982 321 1,187 43,945 512 607 87 223 1,178 32 13 48,105
1983 88 1,069 42,589 498 575 50 289 1,241 18 8 46,425
1984 104 1,042 44,257 598 649 55 113 1,063 35 7 47,923
1985 639 955 43,825 454 582 15 131 1,116 31 8 47,756
1986 77 967 46,087 475 616 41 133 1,066 26 17 49,505
1987 356 838 46,390 541 624 34 119 1,036 12 10 49,960
1988 365 800 47,087 510 689 17 81 946 20 19 50,534
1989 392 768 45,582 523 801 45 96 896 39 8 49,150
1990 449 763 44,599 599 698 51 85 865 8 8 48,125
1991 222 746 41,508 586 608 82 30 924 14 10 44,730
1992 120 812 39,235 592 577 84 — 816 20 16 42,272

* Includes air carriers, commuter carriers and air taxis.
** Does not include waterborne transport.

TABLE IEEER

Trends in Accidents/Incidents by Transportation Mode: 1981-1992

Motor Rapid Waterborne Recreational Hazardous
Year Air* Vehicle Railroad** Transit Transport Boating Pipeline Materials
1981 3,714 6,457,000 15,076 6,271 3,503 5,208 1,864 10,010
1982 3,411 5,825,000 12,352 3,759 3,174 5,377 1,911 6,599
1983 3,259 5,861,000 11,067 n/a 4,704 5,567 1,741 5,815
1984 3,201 5,906,000 11,181 2,202 3,275 5,700 1,205 5,764
1985 2,933 6,081,000 10,191 1,054 3,439 6,237 514 6,019
1986 2,737 6,390,000 9,016 3,683 3,366 6,407 422 5,758
1987 2,659 n/a 8,903 3,156 3,496 6,746 466 6,137
1988 2,535 6,887,000 9,469 3,068 3,593 6,718 454 6,169
1989 2,390 6,653,000 9,423 2,891 3,852 6,063 418 7,558
1990 2,367 6,471,000 8,592 n/a 3,613 6,411 376 8,853
1991 2,280 6,117,000 8,044 n/a 2,222 6,573 449 9,093
1992 2,172 6,387,000 n/a n/a n/a 6,048 416 9,294

* Includes air carriers, general aviation, commuter carrier and air taxes.
** Includes deaths at rail-highway grade crossings.
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TABLE IEEEH

Trends in Injuries by Transportation Mode: 1981-1992

Motor Rapid Waterborne Recreational Hazardous
Year Air* Vehicle Railroad** Transit Transport Boating Pipeline Materials
1981 679 3,474,000 55,003 6,272 141 2,474 111 640
1982 718 3,192,000 40,294 3,907 271 2,682 272 125
1983 615 3,371,000 34,819 1,977 209 2,913 254 189
1984 662 3,563,000 38,570 2,147 134 2,709 248 259
1985 606 3,363,000 34,300 1,039 172 2,757 124 253
1986 612 3,896,000 26,923 3,642 137 2,847 138 316
1987 550 n/a 26,031 3,122 191 3,501 121 331
1988 590 3,416,000 27,054 3,050 130 3,476 106 171
1989 511 3,284,000 26,715 2,846 168 3,635 116 330
1990 477 3,231,000 25,143 n/a 175 3,822 74 423
1991 503 3,097,000 22,796 n/a 110 3,967 97 438
1992 455 3,404,000 20,351 n/a n/a 3,683 125 125

* Includes air carriers, general aviation, commuter carriers and air taxes.
** Includes deaths at rail-highway grade crossings.

flown by aircraft. To develop long-term
safety plans for a transportation system, it
is important to measure and analyze acci-
dent rates and trends to gain insights into
the factors contributing to accidents. To
increase compatibility and meaningful-
ness of comparisons from one year to the
next and among modes, accident statistics
in individual modes are converted into
accident rates by using a common unit of
exposure. (See table 6-5.)

Highway

Despite the continued increase in the
number of vehicles registered, the num-
ber of licensed drivers, and the amount
of driving, the 1992 fatality rate for all

trend. (See figure 6-3 and table 6-7.)
Although motorcycle fatalities account for
only 6.1 percent of total traffic fatalities in
1992, the motorcycle is by far the most
hazardous mode of highway transporta-
tion when taking into account accident
exposure. Passenger cars and trucks have
similar fatality rates. However, different
sizes of trucks experience considerably dif-
ferent traffic fatality rates. The fatality rate
for occupants in light trucks is almost
three times the fatality rate for occupants

TABLE IEEER

Injury by Person Type
(In Thousands)

highway modes combined was 1.34 per Injury
100 million vehicle miles of travel, the Severity
| t rat ded in th t12 r Minor or Severe
owest rate recorded in the pas years. Person Moderate or Fatal
(See table 6-6 and figure 6-2.) The Type Number Percent Number Percent Total Percent
improvement in highway safety can be
attributed to a number of factors, Driver 1,832 86% 309 14% 2,141  100%
including safer hlghways, increased use passenger 882 85% 151 15% 1,033  100%
of safety belts, increased market pene-
tration of air bags and other safety Pedestian 78  72% 81 28% 109  100%
equipment, and aggressive anti-drunk  Pedalcyclist 65 84% 12 16% 77 100%
. 5
driving programs.” ) Other* 8  89% 1 11% 9 100%
Traffic Fatalities by Vehicle Type.
Total 2,864 85% 504 15% 3,368  100%

Fatality rates for every type of highway
vehicle continue to show a downward

* Occupant of nonmotor vehicle transport device or motor vehicle not in transport.
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TABLE IEECH

U.S. Air Carrier General Aviation Motor Vehicle Railroad Recreational Boating
(per million (per 100,000 (per 100 million (per 100,000 (per 100,000
Year miles flown) hours flown) vehicle-miles) train miles) boats)
1981 0.001 3.48 3.2 0.82 8.0
1982 0.080 4.01 2.8 0.89 7.6
1983 0.005 3.72 2.6 0.89 7.9
1984 0.001 3.58 2.6 1.01 6.5
1985 0.054 3.37 25 0.80 6.7
1986 0.001 3.56 25 0.84 6.2
1987 0.053 3.11 24 0.93 5.9
1988 0.063 291 2.3 0.84 5.1
1989 0.028 2.75 2.2 0.84 4.7
1990 0.008 2.67 21 0.98 4.4
1991 0.010 2.74 1.9 1.02 4.6
1992 0.007 2.98 1.8 0.99 4.0

Motor Vehicle Fatalities by Major Vehicle Type: 1981-1992

TABLE IIEEE

Passenger Cars Trucks Motorcycles Pedalcyclists Non--l(-)?:t:lljpant
Year Deaths  Death Rate* Deaths  Death Rate* Deaths  Death Rate* Deaths Deaths
1981 26,645 24 7,343 1.8 4,906 45.9 936 8,877
1982 23,330 2.0 7,303 1.8 4,453 44.9 883 8,299
1983 22,891 1.9 7,184 1.6 4,265 48.7 839 7,746
1984 23,621 1.9 7,570 1.6 4,608 52.5 849 7,973
1985 23,214 1.8 7,666 15 4,564 50.2 890 7,782
1986 24,944 1.9 8,243 1.6 4,566 48.6 941 7,853
1987 25,132 1.9 8,910 1.6 4,036 41.0 948 7,825
1988 25,808 1.8 9,217 1.6 3,662 36.5 911 7,917
1989 25,046 1.7 9,402 1.6 3,143 30.1 832 7,495
1990 24,092 1.6 9,306 15 3,244 33.9 859 7,465
1991 22,385 1.4 9,052 15 2,806 30.6 843 6,768
1992 21,366 1.3 8,666 14 2,394 25.1 722 6,366

* Per 100 million vehicle miles of travel.
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FIGURE

Trends in Motor Vehicle Statistics and
Fatality Rate: 1981-1992
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in heavy trucks, 1.77 vs. 0.56 per 100 mil-
lion vehicle miles of travel in 1992, respec-
tively.® (See figure 6-4.)

Motor-Vehicle Crashes. The number
of motor vehicle crashes decreased by 6
percent from 1988 to 1990. About two-
thirds of all motor vehicle crashes result-
ed in only property damage, and 6 percent
resulted in serious or fatal injury.
Although the number of property-dam-
age-only crashes and the number of
crashes resulting in serious or fatal injury
both decreased by 8 percent from 1988 to
1990, the number of crashes resulting in
minor or moderate injury remained the
same. In 1990, multi-vehicle crashes out-
numbered single-vehicle crashes by two to
one. The proportion of single-vehicle
crashes resulting in severe or fatal injury
(9 percent) was almost twice that for
multi-vehicle crashes resulting in similar
injury (5 percent).

Risk Factors Contributing to Motor-
Vehicle Crashes. Drinking and driving,
failure to use safety belts, and vehicle con-
dition contribute to motor vehicle crashes.
Alcohol was reported by police as being
present in 7 percent of the crashes in
1990. The percentage of police-reported
alcohol involvement was greatest for
crashes resulting in severe or fatal injury
(20 percent.) The alcohol involvement rate
for severe or fatal injury crashes was four
times that for property-damage-only
crashes. The rate of police-reported alco-
hol involvement was lowest for crashes

FIGURE
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FIGURE

Fatality Rates By Truck Type: 1981-1992
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involving medium and heavy truck drivers
and bus drivers. The rate was the highest
for motorcycle drivers.

When involved in crashes, drivers not
using restraints were one and a half times
more likely to be severely or fatally injured
than those using restraints. This ratio was
two and a half times for passengers. (See
table 6-8.)

In a study conducted by the National



Transportation Safety Board, deficient
brakes were cited in 5 percent of the fatal
accidents involving heavy single-unit
trucks, and in 3 percent of the fatal acci-
dents involving combination trucks in
1990. (See table 6-9.)

Accidents on Different Highway
Systems. Although fewer fatal accidents
occurred on urban highway systems than on
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rural highways, nonfatal accidents occurred
on urban highways two and one-half times
more often than they did on rural highways.
(See table 6-10.) After controlling for the
variation in accident exposure among high-
way types, the likelihood of involvement in a
fatal accident on rural highway systems is
greater than that on urban highway systems.
On the other hand, the likelihood of

TABLE IEEER

Motor Vehicle Vehicle Crashes by Severity: 1990
(Numbers in Thousands)

Property Damage Minor or Moderate Injury Severe or Fatal Injury Total
Number Percent Number Percent Number Percent Number Percent
Crash Type
Single Vehicle 1,235 29 631 35 176 46 2,043 32
Multiple Vehicle 3,020 71 1,194 65 205 54 4,419 68
TOTAL 4,255 100 1,825 100 382 100 6,462 100
Alcohol Involvement
Yes 220 5 173 9 77 20 469 7
No 4,036 95 1,652 91 305 80 5,993 93
TOTAL 4,255 100 1,825 100 382 100 6,462 100
Drivers Restraint Usage
Yes 5,812 64 1,142 62 130 42 7,084 63
No 1,312 14 382 21 145 47 1,840 16
Unknown 1,988 22 307 17 34 11 2,330 21
TOTAL 9,112 100 1,832 100 309 100 11,253 100
Passenger Restraint Usage
Yes n/a n/a 480 54 49 32 528 51
No n/a n/a 304 35 89 59 393 38
Unknown n/a n/a 98 11 13 9 111 11
TOTAL n/a n/a 882 100 151 100 1,033 100

TABLE IEEER

Fatal Truck Accidents Involving Deficient Brakes: 1988-1990

1988 1989 1990 Total
Fatal Accidents Involving Medium/Heavy Single-Unit Trucks 1,104 1,056 973 3,043
Deficient Brakes Cited 34 (3.4%) 44 (4.2%) 50 (5.1%) 128 (4.2%)
Fatal Accidents Involving Combination Trucks 3,798 3,467 3,207 10,472

Deficient Brakes Cited

111 (2.9%)

102 (2.9%) 88 (2.7%)

301 (2.9%)
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TABLE B

Motor Vehicle Injury Accidents by
Highway System: 1992

Fatal Nonfatal
Highway Categories  Number Rate Number Rate
Rural
Interstate 2,076 1.01 41,758 20.37
Other Principal Arterial 3,452 1.76 83,599 42.62
Minor Arterial 3,760 2.56 108,069 73.66
Major Collector 5,400 2.93 166,276 90.21
Minor Collector 1,437 2.88 55,885 111.89
Local 3,601 3.64 174,406 176.19
Subtotal-Rural 19,726 2.24 629,993 71.50
Urban
Interstate 1,670 0.55 118,050 39.08
Other Freeways &
Expressways 1,039 1.75 88,374 64.06
Other Principal Arterial 5,246 1.52 488,228  141.85
Minor Arterial 2,895 1.11 366,879  140.83
Collector 1,023 0.88 141,143  122.06
Local 3,329 1.68 383,578 193.38
Subtotal-Urban 15,202 1.12 1,586,252 116.74
TOTAL 34,928 1.56 2,216,245 98.95

involvement in a non-fatal accident on
rural highway systems is lower than that
on urban highway systems.

Within areas of similar land use pat-
terns, highways built to higher standards
are generally safer than other types of
highways. For example, the Interstate
System, with its full access control, wide
lanes, full shoulders, and other better geo-
metric design standards, was by far the
safest highway system. Rural local roads,
on the other hand, with poorer geometric
design, absence of shoulders and generally
poorer emergency response time, had the
highest fatality rates.

Air

Fatal Accidents. Analyzing accident
trends in aviation is difficult, because not
all aviation sectors carry passengers for
revenue. Therefore, fatality rates, instead
of the number of fatalities, are more mean-
ingful measures of safety performance, and

miles or hours flown are better measures
of exposure than passenger-miles flown.
A comparison of fatality rates for all four
aviation components (air carrier, general
aviation, air taxi, and commuter air carri-
er) shows that all aviation components
show downward trends in fatality rates
except for general aviation. (See figure 6-5.)
Air carrier continued to be the safest avia-
tion component.

Contributing Factors for Accidents.
Specific safety hazards in aviation
include lack of experience, insufficient
training, inadequate maintenance, aging
aircraft, and traffic control operational
errors. Human errors (not aboard air-
craft) and pilot errors were cited most
frequently as the general causes of acci-
dents for scheduled air carriers. (See
table 6-11.) Pilot error was cited in all
five scheduled air carrier fatal accidents
in 1989 as the general cause of the acci-
dent. Weather and runway conditions
also contributed to a considerable num-
ber of air carrier accidents.

For nonscheduled air carriers and gen-
eral aviation, pilot error, runway condi-
tions, and weather conditions were the
most cited causes of accidents. (See tables
6-12 and 6-13.)

Near-Midair Collisions. The number
of near-midair collisions has been on a
continuing downward trend since 1987. In
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fact, the number of near-midair collisions
in 1992 was less than one-third that in
1987. (See table 6-14.) More than half of
the near collisions were characterized as
potentially hazardous, meaning that an
incident would probably have resulted in a
collision if pilots had taken no action.
Typically, cases with a closest proximity of
less than 500 feet would be classified as
potentially hazardous.

Terrorism. Terrorism is the single
most feared threat against the trans-
portation system. Historical data show
that terrorism and hijacking of aircraft
typically occur enroute to or from for-
eign countries, rather than within the
continental United States.

Despite a still significant number of
bomb threats against U.S. aircraft and air-
ports, the situation has improved in 1992,
with 218 bomb threats against U.S. air-
craft and 233 threats against U.S. air-
ports. (See table 6-15.) Both figures are
down from the highs in 1989 (479 threats)
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and 1991 (498 threats). The numbers of
hijackings of American and foreign air-
craft have also decreased.

In the past decade, four U.S. air-carrier
sabotages took place, the most recent case
occurring in 1988. The 1988 case of the
bombing of a Pan American flight over
Lockerbie, Scotland, killed 270 people.
(See table 6-16.)

Airport Security. There is also a down-
ward trend in the number of firearms dis-
covered via passenger screenings. (See
table 6-17.) In 1987, an average of 1.44
persons was arrested for carrying firearms
and/or explosives for every one million
persons screened. This rate improved to
less than one arrest for every one million
persons screened in 1991.

Waterborne. Waterborne transporta-
tion includes recreational boating, com-
mercial freight, passenger-for-hire, and
the fishing industries. As mentioned previ-
ously, recreational boating is the second
most hazardous mode of transportation,

TABLE Y

Broad Cause/Factor Assignments in All Accidents for Scheduled U.S. Air Carriers:
1989 and 1984-1988*

All Accidents Fatal Accidents
Broad Cause/Factor 1989 1984-1988 1989 1984-1988
Number Percent Mean Percent Number  Percent Mean  Percent

Pilot 12 63.2 16.8 76.4 5 100.0 4.4 78.6
Other Person (Not Aboard) 13 68.4 8.0 36.4 2 40.0 2.8 50.0
Weather 8 42.1 5.8 26.4 5 100.0 1.8 32.1
Terrain Runway Condition 6 31.6 5.2 23.6 4 80.0 1.2 21.4
Propulsion System and Controls 0 5.3 4.8 21.8 0 0.0 1.4 25.0
Systems/Equipment/Instruments 1 10.5 4.2 19.1 0 0.0 1.4 25.0
Object (Tree, Wires, etc.) 2 31.6 3.0 13.6 0 0.0 0.6 10.7
Light Conditions 6 0.0 2.6 11.8 1 20.0 0.8 14.3
Landing Gear 0 5.3 2.4 10.9 0 0.0 0.0 0.0
Airframe 1 5.3 14 6.4 1 20.0 0.4 7.1
Airport/Airways Facilities, Aids 1 5.3 1.0 4.5 0 0.0 0.4 7.1
Flight Control System 1 5.3 0.6 2.7 1 20.0 0.6 10.7
Other Person (Aboard) 1 5.3 0.2 0.9 0 0.0 0.2 3.6
Total Aircraft 19 22.0 5 5.6
NTSB Determined Probable Cause 19 21.6 5 5.4

*Multiple Causes and factors for each accident.
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TAaBLE W

Broad Cause/Factor Assignments in All Accidents for Nonscheduled U.S. Air Carriers:
1989 and 1984-1988*

All Accidents Fatal Accidents
Broad Cause/Factor 1989 1984-1988 1989 1984-1988
Number Percent Mean Percent Number  Percent Mean  Percent

Pilot 77 68.8 96.0 77.0 17 68.0 25.4 85.8
Other Person (Not Aboard) 22 19.6 214 17.2 6 24.0 7.8 26.4
Weather 42 375 37.2 29.9 8 32.0 13.2 44.6
Propulsion System and Controls 19 17.0 8.4 2.8 5 20.0 4.4 14.9
Systems/Equipment/Instruments 8 7.1 10.2 8.2 1 4.0 3.2 10.8
Object (Tree, Wires, etc.) 19 17.0 194 15.6 4 16.0 5.4 18.2
Light Conditions 15 13.4 21.2 17.0 4 16.0 8.6 29.1
Landing Gear 3 2.7 12.0 9.6 0 0.0 0.4 1.4
Airframe 5 45 6.0 4.8 2 8.0 1.8 6.1
Airport/Airways Facilities, Aids 1 0.9 2.2 1.8 0 0.0 0.4 14
Flight Control System 5 4.5 2.6 21 2 8.0 14 4.7
Other Person (Aboard) 0 0.0 0.2 0.2 0 0.0 0.0 0.0
Total Aircraft 112 124.6 25 29.6
NTSB Determined Probable Cause 108 123.6 25 29.6

*Multiple Causes and factors for each accident.

TABLE EENE

Broad Cause/Factor Assignments in All Accidents for General Aviation: 1989 and
1984-1988*

All Accidents Fatal Accidents
Broad Cause/Factor 1989 1984-1988 1989 1984-1988
Number Percent Mean Percent Number  Percent Mean  Percent

Pilot 1832 81.7 2263.4 85.0 394 90.4 447.2 91.0
Other Person (Not Aboard) 214 9.5 236.0 8.9 57 131 49.4 10.0
Weather 612 27.3 668.8 25.1 146 33.5 177.8 36.2
Terrain Runway Condition 611 27.3 740.8 27.8 74 17.0 92.0 18.7
Propulsion System and Controls 542 24.2 598.0 22.4 51 11.7 62.2 12.7
Systems/Equipment/Instruments 100 4.5 127.8 4.8 20 4.6 22.4 4.6
Object (Tree, Wires, etc.) 418 18.6 486.8 18.3 63 14.4 83.4 17.0
Light Conditions 173 7.7 199.6 75 61 14.0 86.0 17.5
Landing Gear 78 3.5 145.0 54 0 0.0 2.2 0.4
Airframe 36 1.6 62.0 2.3 17 3.9 23.8 4.8
Airport/Airways Facilities, Aids 23 1.0 27.8 1.0 4 0.9 5.4 11
Flight Control System 30 1.3 45.0 1.7 10 2.3 13.6 2.8
Other Person (Aboard) 16 0.7 16.8 0.6 2 0.5 4.8 1.0
TOTAL AIRCRAFT 2,242 2,664.2 436 491.6

*Multiple Causes and factors for each accident.
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TABLE

Reported Near Midair Collisions by Degree of Hazard: 1979-1992

Classification 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Critical 127 118 84 56 98 127 180 162 190 110 93 74 85 38
Potential 311 319 232 191 283 317 423 473 605 442 322 266 197 177
No Hazard 99 122 76 64 84 115 133 198 263 158 135 114 99 61
Unclassified 3 9 3 0 10 30 22 7 0 0 0 0 0 0
Open 0 0 0 0 0 0 0 0 0 0 0 0 0 53
TOTAL 540 568 395 311 475 589 758 840 1,258 710 550 454 348 329

Critical: A situation where collision avoidance was due to chance rather than an act on the part of the pilot. Less than 100 feet of aircraft separation would be considered critical.

Potential: An incident which would probably have resulted in a collision if no action had been taken by either pilot. Closest proximity of less than 500 feet would usually be required.
No Hazard: When direction and altitude would have made a midair collision improbable regardless of evasive action taken.
Open: Incidents that are still under investigation.

TABLE R

Air Bomb Threats and Hijackings: 1981-

1992

Bomb Threats Hijackings

Against U.S. Against U.S. United States Foreign

Year Airports Aircraft
1981 1,084 400 7 22
1982 887 203 9 12
1983 442 188 18 15
1984 437 139 5 20
1985 477 153 4 22
1986 617 376 4 9
1987 401 238 4 13
1988 372 256 2 13
1989 479 487 2 14
1990 338 448 4 39
1991 388 498 1 23
1992 233 218 0 14

accounting for 816, or 1.9 percent, of the
total fatalities in 1992. Like motor vehi-
cles, the boating fatality rate has been
decreasing in recent years, from 8.0 per
100,000 boats in 1981 to 4.0 in 1992,
despite an increase in the number of
boats. (See figure 6-6.)

Rail. Rail is a relatively safe trans-
portation mode, accounting for about 1.4
percent of the total transportation fatali-
ties (592 in 1992). Railroad fatalities
include those resulting from train acci-

TABLE Y

U.S. Carrier Suicide/Sabotage Cases:

1982-1991
Total Fatalities

Date Location Operator Fatalities Aboard
8/11/82 Honolulu, HI Pan American 1 1
4/2/86 Near Athens,

Greece Trans World 4 4
12/7/87 San Louis

Obispo, CA Pacific Southwest 43 43
12/21/88 Lockerbie,

Scotland Pan American 270 259

dents, train incidents, and non-train inci-
dents. Railroad accident rates show a
continuing downward trend over the past
12 years, from 8.6 per million train miles
in 1981 to 3.9 in 1992. (See figure 6-7.)
More than half of all train accidents are
caused by mechanical and electrical fail-
ures or track defects, while 30 percent
are attributable to human factors.

Safety Regulations and
Market Penetration of
Safety Equipment

As of 1992, all 50 states and the District
of Columbia had set the legal drinking age
at 21 and had enacted child safety seat
laws. (See table 6-18.) Mandatory seat belt
use laws are in effect in 42 states and the
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TABLE RN

Airline Passenger Screening Results: 1972-1991

Weapons Detected

Persons Explosive/ Persons Arrested
Screened Incendiary Carrying Firearms/ Giving False
Year (Millions) Firearms Handguns Long Guns Other Devices Explosives Information
1972 n/a 1,313 n/a n/a n/a n/a 774 244
1973 202 2,162 n/a n/a n/a n/a 736 658
1974 201 2,450 n/a n/a n/a n/a 1,147 1,465
1975 97 2,343 n/a n/a n/a n/a 1,364 27
1976 n/a n/a n/a n/a n/a n/a n/a n/a
1977 n/a n/a n/a n/a n/a n/a n/a n/a
1978 580 2,058 1,827 67 164 3 896 64
1979 593 2,151 1,962 55 144 3 1,060 47
1980 585 2,022 1,878 36 108 8 1,031 32
1981 599 2,255 2,124 44 87 11 1,187 49
1982 630 2,676 2,559 57 60 1 1,314 27
1983 709 2,784 2,634 67 83 4 1,282 34
1984 776 2,957 2,766 98 91 6 1,285 27
1985 993 2,987 2,823 90 74 12 1,310 42
1986 1055 3,241 2,981 146 114 11 1,415 89
1987 1096 3,252 3,012 99 141 14 1,581 81
1988 1055 2,773 2,591 74 108 11 1,493 222
1989 1113 2,879 2,397 92 390 26 1,436 83
1990 1145 2,853 2,490 59 304 15 1,337 16
1991 1015 1,919 1,597 47 275 94 893 28

TABLE EENE TABLE ]

Summary on 1992 State Legislation Percent of Factory Installations of

Anti-Lock Braking Systems and Driver

Air Bags: 1985-1992 Model Years
Number of States* Having Legislation

Yes No
Alcohol Legislation Automobiles Light Trucks

Drinking Age of 21 51 0
Open Container 27 24 1985 0.6% 0.0% 0.0% 0.0%
Blood Limit Alcohol Concentration 1986 1.7% 0.0% 0.0% 0.0%
0.10% 46 0 1987 4.5% 0.0% 15.5% 0.0%
0.08% 5 0 1988 5.1% 0.0% 27.9% 0.0%
Mandatory Belt Use Law 43 8 1989 11.1% 0.0% 66.2% 0.0%
Child Safety Seat Law 51 0 1990 11.1% 28.2% 71.4% 0.0%
Motorcycle Helmet Law 48 3 1991 17.1% 36.0% 77.8% 0.0%
65 Speed Limit 42 9 1992 32.2%  48.9% 50.1% 17.6%

*Includes District of Columbia
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District of Columbia, and the 65 mph speed
limit is allowed on certain portions of rural
Interstate in 42 states.

The consumer’s interest in motor
vehicle safety is reflected in a growing
demand for optional and sometimes
costly safety equipment. Almost one-
third of all 1992 automobiles have anti-
lock braking systems installed (up from
0.6 percent in 1985), about half of them
have driver-side air bags. The market
penetration of anti-lock braking systems
is greater in light trucks than in automo-
biles. (See table 6-19.) Driver-side air
bags have been installed in light trucks
only since 1992. The purchase price
increments for adding safety and emis-
sions’ equipment decreased by 46 per-
cent from 1981 to 1991. (See table 6-20.)

International Comparison
of Transportation Fatalities

The United States has a far greater num-
ber of transportation fatalities when com-
pared to many other countries. (See table
6-21.) However, after taking into account
accident exposure (in this case, distance dri-
ven), our transportation system is one of the
safest in the world. In 1989, the United
States, Sweden, and the United Kingdom
had the lowest fatality rate of 24 countries
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FIGURE

Rail Statistics: 1981-1992
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investigated with just two per 100 million
vehicle miles of travel, while many other
countries had a fatality rate of five or more.

Transportation and Safety:
What More We Need
to Know

Transportation safety data needs for all
modes tend to fall in three broad areas: (1)
the need for more uniform reporting of acci-
dent statistics throughout the nation; (2) the
need for better information about environ-
mental conditions (weather, lighting, road
conditions) and other potentially contributo-
ry factors; and (3) the need for more accu-
rate and detailed measures of exposure.

Comparability of accident statistics
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TA B L E FEENY

New Car Price Comparisons with Safety
and Emissions Equipment: 1981-1991
(Estimated New Car Price for a 1967
“Comparable Car™)

With Added Without Added Price Difference for
Safety & Added Safety & Added Safety &

Year Emissions Emissions Emissions
Equipment Equipment Equipment

1981 $11,152 $8,224 $2,928

1982 10,581 7,938 2,643

1983 10,248 7,825 2,423

1984 9,995 7,668 2,327

1985 9,743 7,518 2,225

1986 9,395 7,259 2,136

1987 8,984 6,958 2,026

1988 8,685 6,742 1,943

1989 8,387 6,544 1,843

1990 8,078 6,350 1,728

1991 7,700 6,115 1,585

1990 8,078 6,350 1,728

across different data systems is hampered
by inconsistent definitions. For example,
states use a variety of criteria for deter-
mining when police are required to
report a crash. Most states use the cost of
damage done with thresholds ranging
from $50 to $500.

When analyzing accident statistics, it
is almost always essential to have some
measure of the degree of exposure of
persons or vehicle types. Although expo-
sure can be defined in many ways, it
generally refers to the amount of use of
the type of transportation in question.
Perhaps the two most basic measures of
exposures are vehicle (or person) miles
of travel and person (or vehicle) hours of
travel. In general, data on miles or hours
of travel, when broken down by vehicle
type and other dimensions such as time
of day and highway type, are simply not
accurate enough to be used in rigorous
statistical analyses of accident statis-
tics.# This lack of accurate exposure
measures hinders progress in under-
standing the factors influencing trans-
portation accidents.

Sources

Figures

Figures 6-1 through 6-7: Oak Ridge National
Laboratory, Oak Ridge, TN.

Tables

Table 6-1: Death of all causes - Accident Facts:
1993 Edition, National Safety Council, 1993;
Transportation related deaths - National
Transportation Statistics 1993, John A. Volpe
National Transportation Systems Center.

Tables 6-2 through 6-4: National Transportation
Statistics 1993.

Table 6-5: National Highway Traffic Safety
Administration General Estimates System
1990.

Table 6-6: National Transportation Statistics
1993.

Table 6-7: Deaths - Fatal Accident Reporting
System data published in National
Transportation Statistics; VMT-Highway
Statistics, Federal Highway Administration.

Table 6-8: General Estimates System, 1990.
National Highway Traffic Safety
Administration.

Table 6-9: A Safety Study on Heavy Vehicle Air
Brake Performance, National Transportation
Safety Board, April 1992.

Table 6-10: Highway Statistics, 1991.

Table 6-11 through 6-13: Annual Review of
Aircraft Accident Data, U.S. General Aviation,
Calendar Year 1989, National Transportation
Safety Board.

Table 6-14: FAA Safety Statistical Handbook, Feb
1993, reprinted in National Transportation
Statistics.

Table 6-15: National Transportation Statistics,
1993.

Tables 6-16 and 6-17: FAA Statistical Handbook
on Aviation, Calendar Year 1991, Federal
Aviation Administration

Table 6-18: Accident Facts: 1993 Edition,
National Safety Council, 1993. Note three
states have different legal limits for minors.
The age requirement below which riders are
required to wear helmets varies by state.

Table 6-19: Ward’s Automotive Yearbook 1993,
and annual Ward's Communication, 1993.

Table 6-20: Facts and Figures ‘92, American
Automobile Manufacturers Association, 1992.

Table 6-21: Indicators for the Integration of
Environmental Concerns into Transport
Policies, Organization of Economic Co-
Operation and Development, 1993.
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TABLE CEEA

Road Transportation Fatalities: 1975-1989

Number of Fatalities Index 1975=100 Fatalities per 100 Million Miles
Country 1975 1980 1985 1989 1975 1980 1985 1989 1975 1980 1985 1989
Canada 6,061 n/a 4,365 4,071 100 n/a 72 67 6 n/a 4 3
United States 45,500 51,077 43,795 45,555 100 112 96 100 4 3 2 2
Japan 10,792 8,760 8,261 11,086 100 81 86 103 6 4 3 3
Australia 3,674 3,272 2,937 n/a 100 89 80 n/a 6 5 3 n/a
New Zealand 628 596 747 n/a 100 95 119 n/a 6 6 6 n/a
Austria 2,203 1,742 1,361 1,400 100 79 62 64 12 8 6 4
Belgium 2,346 2,396 1,801 1,993 100 102 77 85 10 8 6 6
Denmark 827 690 772 695 100 83 93 84 5 4 4 3
Finland 910 551 541 734 100 61 59 81 6 3 3 3
France 13,170 12,543 10,448 10,527 100 95 79 80 9 7 5 5
West Germany 14,824 13,041 8,400 7,995 100 88 57 54 9 6 4 3
Greece 1,323 1,519 1,829 1,511 100 115 138 114 16 12 10 7
Iceland 33 25 24 28 100 76 73 85 5 3 3 3
Ireland 586 564 410 460 100 96 70 78 8 5 4 3
Italy 9,511 8,537 7,042 6,939 100 90 74 73 8 6 4 4
Luxembourg 115 95 79 58 100 83 69 50 11 7 5 3
Netherlands 2,321 1,997 1,438 1,456 100 86 62 63 7 5 3 3
Norway 589 362 402 381 100 61 68 65 6 4 3 3
Portugal 2,728 2,328 1,875 2,374 100 85 69 87 28 18 11 12
Spain 4,487 5,116 4,883 7,188 100 114 109 160 13 11 10 12
Sweden 1,172 848 686 770 100 72 59 66 5 3 2 2
Switzerland 1,243 1,268 908 924 100 102 73 74 7 5 3 3
Turkey 5,125 n/a 5,680 6,332 100 n/a 111 124 62 n/a 48 38
United Kingdom 6,366 5,953 5,209 5,052 100 94 82 79 5 4 3 2
Endnotes 1990. DOT HS 807 781. U.S. Department

of Transportation, Washington DC.
November 1991.

1. National Safety Council, Accident Facts, 4. This is most true of privately operated
1992 Edition. lllinois. transportation modes, such as highway,

2. U.S. Department of Transportation, recreational boating, etc. It is much less an
National Transportation Strategic Planning issue for commercial air travel and rail
Study. March 1990. Washington, D.C. passenger travel, for example.

3. National Highway Traffic Safety
Administration, General Estimates System,



CHAPTER BEASA=AN

TRANSPORTATION,

ENERGY,
and the

ENVIRONMENT

Energy

The problems created by current pat-
terns of energy use are multidimensional,
they include: (1) political, strategic, and
national security issues stemming from
dependence on imported petroleum; (2)
economic costs caused by price shocks
and monopoly influence on the world oil
market; (3) the build-up of greenhouse
gases in the atmosphere due to combus-
tion of fossil fuels; and (4) pollution of the
air, surface, water, and ground water by
motor fuel combustion and spills.

s essential as it is to the functioning of
our society, transportation also gener-
ates significant unintended and unde-

sirable impacts. In large part, these unwanted side effects are
produced by the combustion of fossil energy in transportation
vehicles. But other impacts arise because of requirements for
land for transportation networks and facilities, because of the
generation of vehicle noise, and because we expect the trans-
portation system to move the wastes and hazardous materials
our society produces. In this chapter we examine the state of
the transportation system with respect to its effects on nation-
al energy security and the environment. Although the chapter
treats energy first and then environmental issues, the two are
closely linked by their relation to the use of fossil fuels.

Following the first oil price shock in
October 1973, the transportation sector
made tremendous improvements in ener-
gy efficiency in almost every mode, pas-
senger and freight. As a result, total
transportation energy use, which had been
growing at an average rate of more than
3.5 percent per year since 1950, increased
by only 0.5 percent per year until the oil
price collapse of 1986. The energy efficien-
cy improvements that held the growth of
energy use in check for a decade and a
half have slowed to a crawl, stopped, and
in some cases been reversed. Statistics for
highway travel which accounts for almost
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three-fourths of transportation energy use,
show a slight decline in overall vehicle
miles per gallon.! Although new cars and
light trucks continue to meet the federal
fuel economy standards, the fuel economy
of light duty vehicles has not improved sig-
nificantly since 1982.2

Although other sectors of the economy
reduced their dependence on petroleum
during the 1970s and 1980s, transporta-
tion remains nearly totally dependent on
oil. Residential and commercial oil use fell
from 18 percent in 1973 to 7 percent in
1992, oil's share of industrial energy use
declined slightly from 29 percent to 27
percent over the same period, and petrole-
um as a share of electric utility energy use
dropped from 17 percent in 1973 to only 3
percent in 1992. In 1973 petroleum sup-
plied 96 percent of total transportation
energy use; in 1992 it accounted for 97
percent.® Despite price shocks and other
stimuli, petroleum remains the dominant
transportation energy source.

On September 29, 1993, the President
and the Vice President joined with Ford,
Chrysler, and General Motors to announce
a partnership to develop cars of the future
that might ultimately be three times as
energy efficient as the cars of today. It also
called for the development of near-term
technologies to improve efficiency, safety,
and emissions. The program’s objective is
to achieve major technological break-
throughs that will make traditional regula-
tory interventions irrelevant. Since 1989,
major legislative initiatives have been
enacted to create an impetus for alternative
fuel use in transportation. The Alternative
Motor Fuels Act of 1989 and the 1992
Energy Policy Act provide both incentives
and fleet mandates for alternative fuel
vehicle purchase and use. The 1990 Clean
Air Act Amendments set forth clean fuels
requirements for nonattainment areas, and
allow states to opt in to the California
Clean Fuels Vehicle Program, a program
that requires 10 percent of car sales to be
Zero Emission Vehicles by 2003 (battery
powered electrics are the only vehicles that
currently qualify). Although these laws are
aimed at least as much at emissions and
greenhouse gas reduction as they are at
substituting for petroleum fuels, they could
have far-reaching effects on transportation
energy sources and technology.

In the meantime, increased vehicle travel
is likely to mean increased petroleum use, oil
dependence, and greenhouse gas emissions.
The President’'s Climate Change Action Plan
noted that transportation produced 32 per-
cent of U.S. greenhouse gas emissions.
It identified transportation as the fastest
growing source of carbon dioxide (CO2)
emissions through 2000 and addressed the
need to curb growth of emissions by slowing
travel demand growth and enhancing the
market for more efficient vehicles and clean-
er fuels.* Continued growth of vehicle miles
traveled (VMT) also poses problems for envi-
ronmental quality goals.

Energy Security

More than one-fourth of all energy
consumption in the United States is attrib-
utable to the transportation sector, which
is almost totally dependent on petroleum
fuels. (See table 7-1.) With a slight
decrease in total U.S. petroleum use in
recent years, transportation’s share of
petroleum use shows an upward trend,
accounting for 65 percent of all U.S. petro-
leum use in 1991. (See table 7-2.)

If the transportation sector is an ener-
gy problem, it is not one of exhausting
world energy reserves. Rather, it is a prob-
lem of dependence on imported petrole-
um. In the last decade, imported crude oil
and petroleum products continued to
account for a larger share of total U.S.
petroleum use, rising from 33.2 percent in
1983 to 46.1 percent in 1992. (See table 7-
3 and figure 7-1.) Not since 1976 has
domestic crude oil production exceeded
transportation petroleum use. Even if all
other sectors ceased to use petroleum,
substantial imports of petroleum would be
necessary to satisfy transportation’s needs.

The ability of the sector to switch to
alternative fuels in the event of a petroleum-
supply disruption or price shock is very lim-
ited. Based on its 1989 report, the U.S.
Department of Energy estimated that the
transportation sector’s short-term ability to
substitute for petroleum ranges from 0.5 to
3 percent of the total fuel use.> By compari-
son, petroleum users in other sectors have
greater potential for using petroleum substi-
tutes; residential potential ranges from 10 to
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TABLE IEW

Consumption of Total Energy by End-User Sector: 1970-1992
(Quadrillion Btu)

Percentage Residential
Transportation and

Year Transportation of Total Commercial Industrial Total

1970 16.07 24.2 21.71 28.65 66.43

1975 18.24 25.9 23.90 28.40 70.54

1980 19.70 25.9 25.65 30.61 75.96

1985 20.07 27.17 26.70 27.21 73.98

1990 25.54 27.7 28.79 29.93 81.26

1992 22.53 27.4 29.23 30.59 82.36

Average Annual Percentage Change

1970-1992 1.5% 1.4% 0.3% 1.0%
1982-1992 1.7% 1.3% 1.6% 1.5%

TABLE IEFE

Consumption of Petroleum by End-User Sector: 1973-1992
(Quadrillion Btu)

Petroleum Residential Total in

Transportation and Electric Millions of
Year Transportation of Total Industrial Commercial Utilities Total Barrels per Day
1975 17.61 53.8% 3.81 8.15 3.17 32.74 15.47
1980 19.01 55.6 3.04 9.53 2.63 34.21 16.16
1985 195 63.1 2.52 7.81 1.09 30.92 14.62
1990 21.81 65.0 2.17 8.32 1.25 33.55 15.85
1992 21.78 65.1 2.22 8.53 0.95 33.48 15.81
Average Annual Percentage Change
1973-1992 0.9% -3.1% -0.3% -5.8% -0.2%
1982-1992 1.7% -1.0% 0.9% -4.9% 1.0%

TABLE INEER

United States Petroleum Production and Consumption: 1970-1992
(Million Barrels per Day)

Imports as a Transportation
Domestic Gross Imports Percentage of U.S. Petroleum use as a
Crude Oil Petroleum U.S. Petroleum Petroleum Percentage of
Year Production Crude Oil Products Total Consumption Consumption Domestic Production
1970 9.64 1.32 2.10 3.42 14.70 23.3 n/a
1975 8.37 4.10 1.95 6.05 16.32 37.1 99.4
1980 8.60 5.26 1.65 6.91 17.06 40.5 104.4
1985 8.97 3.20 1.87 5.07 15.73 32.2 102.6

1990 7.36 5.89 2.12 8.02 16.99 47.2 140.0
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35 percent, commercial from 5 to 25 per-
cent, and industrial from 5 to 10 percent.

Energy Use and Energy Efficiency

Highway. Highway energy use has
increased at an annual rate of 1.6 percent
over the past two decades. (See table 7-4.)
Highway vehicles dominate transportation
energy use. (See figure 7-2.) Light truck
energy use has grown at a rate 24 times
faster than the automobile rate because of
the steadily increasing popularity of light
trucks as passenger vehicles. In 1991, the
highway mode accounted for 73 percent of
the total transportation energy use, with
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Distribution of Transportation Energy
Use by Mode: 1991

Bus 0.8%

Automobile 39.1%

automobiles accounting for 40 percent
and trucks 33 percent.

Highway Passenger Modes. Trans-
portation has become substantially more
energy efficient in the past 20 years. Gains
in energy efficiency for automobiles have
outweighed the increases in travel and
have slowed the growth in motor gasoline
consumption. (See figures 7-3 and 7-4.)
For 2-axle trucks, however, the energy effi-
ciency gains were not sufficient to prevent
fuel use gains due to increased numbers of
trucks and increased truck travel. New car
fuel efficiency has significantly increased,
from an average of 17.2 miles per gallon
(mpg) in 1976 to an estimated 27.6 mpg in
1992.5 Light truck fuel economy also has
increased from 15.6 mpg in 1976 to 20.4
mpg in 1992. A study published by the
Oak Ridge National Laboratory stated that
improvements in vehicle technology, such
as front-wheel drive, fuel injection,
advanced transmissions, better aerody-
namics, and electronic engine control have
permitted dramatic fuel economy
improvements without sacrificing vehicle
performance and roominess.’

Another indicator of energy efficiency
is the energy intensity, typically mea-
sured in British thermal units (Btu’s) per
vehicle- or passenger-mile. Automobile
and intercity bus both improved their
energy intensities during the past 12
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TABLE
Transportation Energy Consumption by Mode: 1970-1991
(Thousand Barrels per Day Crude Oil Equivalent)
_ Total Total
Motor- Light Other Total Non- Trans-
Year Autos cycles Buses Trucks' Trucks Highway Air Water Pipeline  Rail highway portation?
1970 4,027 4 51 727 709 5,520 617 356 465 272 1,710 7,230
1975 4,540 7 56 1058 845 6,506 602 402 394 282 1,680 8,186
1980 4,269 12 66 1,394 1,145 6,886 722 792 420 305 2,239 9,125
1985 4,097 11 76 1,715 1,381 7,280 793 619 358 237 2,007 9,286
1990 4,282 11 77 1,963 1,600 7,934 973 702 438 239 2,353 10,287
1991 4,182 11 82 1,928 1,561 7,763 910 740 408 227 2,284 10,706
Average Annual Percentage Change
1970-91 0.2% 5.2% 2.3% 4.8% 3.8% 1.6% 1.9% 3.6% -0.6% -0.9% 1.4% 1.9%
1982-91 0.0% -0.9% 2.0% 3.6% 3.5% 1.5% 3.1% 2.2% 0.1% -2.1% 1.6% 2.2%

1 Light trucks include only 22-axle/4-tire trucks
2 Total transportation figures do not include military and off-highway energy use and may not include all possible uses for fuel

years, with a 19 percent improvement for
automobiles and a 8 percent improve-
ment for intercity buses. (See figure 7-5.)
However, an energy intensity increase of
28 percent on a per passenger-mile basis
was observed in transit bus from 1981 to
1992. (See table 7-5.)

Highway Freight Modes. Ideally, an
appropriate measure of energy intensity
for freight modes would be on a per ton-
mile basis. Due to data limitations, howev-
er, energy intensities for the light- and
medium-truck categories are measured on
a per vehicle-mile basis. (See figure 7-6.)

percent), pipelines (4 percent), and rail
(2 percent).®

Nonhighway Passenger Modes. Certi-
ficated domestic air carriers reduced their
energy intensity by 19 percent, from 5,733
Btu’'s per passenger-mile in 1981 to 4,647
in 1991. (See table 7-6.) The reduction in
energy intensity was the result of in-
creased load factors (from 50 percent in
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1970 to 61 percent in 1991), and improve-
ments in engine design, aerodynamics,
and airline operating procedures.? Even
more dramatic improvements in aviation
energy efficiency can be achieved in the
21st century by advanced technologies; for
instance, the current 55 to 70 seat miles

Energy Intensity of Highway Modes

Passenger Modes
Btu's per Passenger-Mile

per gallon (Smpg) could be improved to as
much as 130 to 150 Smpg.°

On a per revenue passenger-mile (rpm)
basis, intercity rail (Amtrak) energy inten-
sity increased by 28 percent, from 1,716
Btu’'s per rpm in 1981 to 2,205 Btu's per
rpm in 1992. Rail transit energy intensity

TABLE

Freight Modes
Btu's per Vehicle-Mile

Passenger Bus 2-axle, Other
Year Car Transit Intercity 4-tire Single Unit Combination
1981 4,406 2,944 1,085 10,002 18,322.9 3,400.2
1982 4,267 3,164 1,062 9,741 18,290.6 3,361.7
1983 4,192 3,133 1,041 9,755 18,399.5 3,236.2
1984 4,077 3,243 1,082 9,777 18,189.4 3,301.3
1985 4,040 3,395 1,135 9,730 18,735.6 3,467.9
1986 4,072 3,546 1,083 9,729 18,779.5 3,443.4
1987 3,921 3,592 1,159 9,705 18,771.8 3,445.7
1988 3,836 3,696 1,181 9,350 18,657.7 3,388.6
1989 3,822 3,680 1,103 9,081 18,458.0 3,384.9
1990 3,671 3,722 994 8,904 18,019.2 3,292.4
1991 3,558 3,771 997 8,632 17,517.8 3,137.1
TABLE
Energy Intensity of Nonhighway Modes
NonhighwayPassenger Modes Nonhighway Freight Mode
Btu's per Passenger-Mile Btu's per Ton-Mile
Domestic ~ General Rail

Year Air Aviation Amtrak Transit Rail Air Water
1981 5,733 11,044 1,716 2,946 567 6,872.3 360
1982 5,333 13,252 2,350 3,069 544 6,933.9 310
1983 5,043 10,566 2,339 3,212 521 6,216.4 319
1984 5,183 11,946 2,312 3,732 505 6,276.9 346
1985 4,918 11,697 2,239 3,461 492 6,105.8 446
1986 4,883 11,934 1,900 3,531 481 5,959.1 463
1987 4,751 11,501 1,769 3,534 453 5,412.9 402
1988 4,813 11,789 2,002 3,585 440 5,173.6 361
1989 4,764 10,237 1,986 3,397 434 4,722.8 403
1990 5,049 10,148 2,071 3,453 418 5,071.0 396
1991 4,647 9,194 1,975 3,710 388 4,529.9 402




also increased by 26 percent, from 2,946
Btu’'s per passenger mile in 1981 to 3,710
in 1991.19 (See figure 7-7.)

Nonhighway Freight Modes. Instead
of being measured on a per passenger-
mile basis, energy intensities for freight
modes are typically expressed on a per
ton-mile basis. The energy intensity of
Class | freight railroads improved by 32
percent, from 567 Btu's per ton-mile in
1981 to 388 in 1991. (Table 7-6.) A rail-
road was designated as a Class | railroad
in 1993 if its revenues were more than
$251.4 million in 1992. Although this
class of railroads only comprised 2 per-
cent of the number of railroads, it
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accounted for 74 percent of the mileage
operated, 89 percent of people employed
by the railroad industry, and 91 percent of
the railroad freight revenue in 1992 .11

Energy intensity for domestic water-
borne commerce increased, from 360 Btu’s
per ton-mile in 1981 to 402 in 1991. The
1991 estimate was derived based on the
assumption that the 1991 total number of
ton-miles equals the 1989 figure, because
data on the ton-miles in 1990 and 1991 are
yet to be made available. Year-to-year vari-
ations in water commerce energy intensity
generally are associated with changes in
average length of haul. (See figure 7-8.)

Pipelines. Due to data limitations on
the total ton miles of natural gas products
transported, energy intensity for pipelines
cannot be calculated. Trends in total
pipelines energy use, however, indicate
that pipeline energy use was only slightly
higher in 1990 than it was a decade earlier.
(See figure 7-9.)

Alternative Transportation
Fuels

Increased fuel efficiency for autos and
other vehicles and the use of alternative,
nonpetroleum fuels are among the major
means for reducing the transportation sec-
tor’'s vulnerability to fuel supply interrup-
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tions and price shocks. Alternative fuels are
also expected to help address air quality and
other environmental problems generated by
tailpipe emissions. Policies are already in
place to promote more widespread use of
alternative transportation fuels.

The Alternative Motor Fuels Act of
1988 (AMFA) promotes the development
and use of methanol, ethanol, and natural
gas as transportation fuels. The Act also
provides incentives for automobile manu-
facturers to produce alternative-fuel vehi-
cles, and it authorizes studies of electric
and solar-powered vehicles. Credits
toward corporate average fuel economy
standards will be given for producing and
selling dual fuel, flexible fuel, or dedicated
alternative fuel vehicles.

In 1992, there were four AMFA Federal
Vehicle demonstration projects, consisting
of 81 vehicles, and located in the District
of Columbia; Detroit, Michigan; and Los
Angeles and San Diego, California. Of

these 81 vehicles, 16 are conventional
gasoline vehicles (control vehicles) and 65
are alternative-fuel vehicles which are
capable of operating on any mixture of
gasoline and methanol, up to a mixture of
85 percent methanol. For a meaningful
comparison, these vehicles are categorized
into the following three groups:

(1) Group 1 operates predominantly on 85
percent methanol and 15 percent unleaded
gasoline (M85).

(2) Group 2 operates predominantly on
unleaded gasoline (labeled “Gasoline” in
Table 7-7).

(3) Group 3 operates only on unleaded
gasoline (labeled “Conventional Gasoline”
in Table 7-7).

Because gasoline has almost twice the
energy content per gallon as M85, a con-
ventional miles-per-gallon measure is not
correct for comparing the vehicle energy
efficiency performance of different ener-
gy sources. Rather, Btu’'s per mile driven

TABLE IENE

On-Road Fuel/Energy Economy Summary for the AMFA Federal Vehicles: FY 1992*

Mpg -
Number of Miles per GE";S;LI;;/T
Vehicle Site and Type Vehicles Gallon Equivalent Btu/Mile
Washington, DC
M85 AFVs 21 11.7 20.7 5,580
Gasoline 2 14.3 8,060
Conventional gasoline vehicles 4 22.8 5,060
Detroit, Ml
M85 AFVs 18 15.9 28.1 4,110
Gasoline 2 194 5,940
Conventional gasoline vehicles 4 24.9 4,640
Los Angeles, CA
M85 AFVs 9 13.9 24.5 4,710
Gasoline 2 22.1 5,230
Conventional gasoline vehicles 4 255 4,530
San Diego, CA
M85 AFVs 9 15.8 27.9 4,140
Gasoline 2 20.2 6,710
Conventional gasoline vehicles 4 24.3 4,750

* Based on 115,400 BTU/gal for gasoline and 65,400 BTU/gal for M85.

** Gasoline energy equivalent miles per gallon is the M85 alternative fuel vehicle
fuel economy for the difference in fuel energy content between gasoline and M85
(e.g., M85 has 56 percent of the energy of unleaded gasoline).
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is used. In all four sites, vehicles that
predominantly operate on unleaded
gasoline have the poorest energy efficien-
cy. (Table 7-7.)

Among the obstacles to promoting
wider use of alternative transportation
fuels is the refueling infrastructure. As of
1993, there were 3,851 alternative-fuel
refueling sites in the United States, an
increase of 160 sites from 1992. How-
ever, not all of these sites are available to
the public. More than 86 percent of these
sites are liquefied petroleum gas (LPG)
refueling sites, and 1 percent are M85
sites. California, Florida, and Texas have
the greatest number of alternative-fuel
refueling sites while Hawaii has none,
and the District of Columbia just three
alternative-fuel refueling sites. (See table
7-8.) In some states, such as California,
these refueling sites are clustered in cer-
tain areas, with few or no sites in other
parts of the state. (See figure 7-10.)

As part of the effort to promote alter-
native-fuel vehicles, a number of the
vehicles acquired annually by federal
agencies are required to be alternative-
fuel vehicles. A total of 5,707 federal
procurement requests for alternative-
fuel vehicles were in place for fiscal
year 1993. A breakdown shows that 54
percent of the requested vehicles are
fueled by natural gas, 42 percent by
alcohol, and 4 percent by other fuels.
(See figure 7-11.) Furthermore, the
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Energy Policy Act of 1992 (EPACT)
includes a fleet requirement program in
which a certain percentage of new light-
duty motor vehicles acquired in each
model year for a fleet (excluding feder-
al, state fleet, or fleet owned or con-
trolled by a covered person) shall be
alternative-fueled vehicles. The pro-
posed schedule is:
20 percent of the motor vehicles acquired
in model years 1999 through 2001.
30 percent for model year 2002.
40 percent for model year 2003.
50 percent for model year 2004.
60 percent for model year 2005.
70 percent for model year 2006 and
thereafter.

However, the Secretary of the U.S.
Department of Energy (DOE) may establish
a lesser percentage requirement for any
model year based on a feasibility study.

Transportation Fuel Prices

Based on a sample of service stations
in 85 urban areas, DOE has estimated the
average retail fuel prices by motor fuel
type.t? After controlling for inflation,
prices for every fuel type generally show a
downward trend, with unleaded gasoline
having the greatest price drop since 1982.
Prices for special transportation fuels have
also dropped significantly over recent
years. (See table 7-9.)
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TAaBLE IEFE

Number of Methanol, CNG, Ethanol and LPG Refueling Sites: 1993

State M85 Sites CNG Sites E85 Sites LPG Sites Total Sites
Alabama 0 7 0 85 92
Alaska 0 0 0 8 8
Arizona 1 10 0 45 56
Arkansas 0 6 0 104 110
California 34 38 0 214 286
Colorado 1 41 0 a7 89
Connecticut 0 4 0 19 23
Delaware 0 2 0 6 8
Washington, D.C. 1 1 1 0 3
Florida 1 27 0 222 250
Georgia 0 18 0 80 98
Hawaii 0 0 0 0 0
Idaho 0 1 0 20 21
Illinois 1 14 3 165 183
Indiana 0 24 0 124 148
lowa 0 2 0 108 110
Kansas 0 6 0 38 44
Kentucky 0 6 0 35 41
Louisiana 0 5 0 44 49
Maine 0 0 0 12 12
Maryland 1 6 0 21 28
Massachusetts 0 7 0 41 48
Michigan 1 11 0 182 194
Minnesota 0 10 0 125 135
Mississippi 0 0 0 75 75
Missouri 0 2 0 83 85
Montana 0 4 0 48 52
Nebraska 0 9 1 a7 57
Nevada 0 2 0 20 22
New Hampshire 0 0 0 31 31
New Jersey 0 7 0 36 43
New Mexico 0 3 0 46 49
New York 4 23 0 100 127
North Carolina 0 1 0 72 73
North Dakota 0 4 0 17 21
Ohio 2 34 0 98 134
Oklahoma 0 22 0 56 78
Oregon 0 4 0 21 25
Pennsylvania 0 28 0 132 160
Rhode Island 0 1 0 5 6
South Carolina 0 0 0 43 43
South Dakota 0 3 1 24 28
Tennessee 1 4 0 80 85
Texas 0 26 0 202 228
Utah 0 5 0 20 25
Vermont 0 1 0 33 34
Virginia 0 6 0 38 44
Washington 1 24 0 37 62
West Virginia 1 9 0 16 26
Wisconsin 0 27 1 139 167
Wyoming 0 2 0 33 35
United States 50 497 7 3297 385
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TABLE IHEEH

Prices for Selected Transportation Fuels: 1978-1992 (Cents per Gallon, Excluding Tax)

Finished Aviation Jet Fuel Kerosene- Diesel Fuel
Propane ** Gasoline type Qil *2

Constant Constant Constant Constant
Year Current 1990*4 Current 1990* Current 1990** Current 1990**
1978 335 67.1 51.6 103.4 38.7 77.5 37.9 75.9
1979 35.7 64.3 68.9 124.0 54.7 98.5 57.6 103.7
1980 48.2 76.4 108.4 171.9 86.6 137.3 83.0 131.6
1981 56.5 81.2 130.3 187.2 102.4 147.1 100.2 144.0
1982 59.2 80.1 131.2 177.6 96.3 130.4 95.4 129.2
1983 70.9 93.0 1255 164.6 87.8 115.2 83.1 109.0
1984 73.7 92.7 123.4 155.3 84.2 105.9 82.6 103.9
1985 71.7 87.1 120.1 145.9 79.6 96.7 78.3 95.1
1986 74.5 88.8 101.1 120.5 52.9 63.0 49.2 58.6
1987 70.1 80.6 90.7 104.3 54.3 62.4 53.8 61.9
1988 71.4 78.9 89.1 98.4 51.3 56.7 49.2 54.4
1989 61.5 64.8 99.5 104.9 59.2 62.4 56.3 59.3
1990 74.5 74.5 112.0 112.0 76.6 76.6 69.2 69.2
1991 73.0 70.0 104.7 100.4 65.2 62.6 67.2 64.4
1992 66.2 61.6 102.7 95.6 61 58.3 *3 *3

Average Annual Percentage Change

1978-92 5.0% -0.6% 5.0% -0.6% 3.3% -2.0% 4.5% ** -1.3% **
1982-92 1.1% -2.6% -2.4% -6.0% -4.5% -1.7% -3.8% ** -7.4% **

*1 Consumer grade.

*2 Wholesale cost.

*3 Data are not available.

*4 Average annual percentage change is for years 1978-91 and 1982-91.

Environmental Qua“ty two. The Clean Air Act Amendments of

1990 (CAAA) require that transportation
plans and projects conform with state air

Transportation has many undesirable
impacts on the environment. The fuels
that power vehicles produce emissions
that damage our environment, affect
human health, and contribute to global
climate change. Transportation activities
also generate noise, vibration and struc-
tural damage, and congestion. Recog-
nizing the interdependence between
transportation systems and the environ-
ment, transportation planners and envi-
ronmentalists are increasing their efforts
to maintain a proper balance between the

quality implementation plans and con-
tribute to attainment of the national ambi-
ent air quality standards. The Intermodal
Surface Transportation Efficiency Act
(ISTEA), signed in 1991, contains provi-
sions to provide state and local transporta-
tion officials with adequate funding and
flexibility to meet their CAAA require-
ments. Together, CAAA and ISTEA may
provide the means to achieve both mobili-
ty and clean air.

Over the past twenty years, dramatic
reductions have been achieved in new
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vehicle emissions by means of the control
technology applied to achieve mobile
source standards. The typical new, proper-
ly operating, 1993 car emits 80 percent
less pollution than a typical 1970 model.
Estimates of total vehicular emissions
have been steadily declining for most pol-
lutants, and lead has been virtually elimi-
nated from vehicle exhaust. But in many
areas National Ambient Air Quality
Standards have still not been met. In 1992,
there were 22 serious ozone nonattain-
ment areas and 42 carbon monoxide
nonattainment areas. The 1990 Clean Air
Act Amendments call for even greater
reductions to vehicular emissions using
more advanced control technologies and
cleaner fuels, and bringing some previous-
ly unregulated transportation modes with-
in the scope of emissions regulation. In
nonattainment areas the need to show that

Vehicles

Sedans . 13
2

Pickups

Vans

Other

o —
N
o

40

Percentage

Il Alcohol fueled

B Natural gas fueled
Other*

5,707 Total requests
ORNL-DRW 93-6700

transportation improvements will not neg-
atively affect air quality is creating a grow-
ing conflict between the goals for efficient,
economical transportation and compli-
ance with air quality standards.

Other important environmental con-
cerns include spills and leaks of oil and
other hazardous materials, noise, land use
impacts, and emissions of Chlorinated
Fluorocarbons.

Air Quality. Air pollutants are emitted
into the atmosphere by both mobile and
stationary sources. Mobile sources of air
pollution are basically transportation-
related. One of the major environmental
concerns about developing and operating
transportation systems is the contribution
of vehicles to air quality, acid rain, and
global climate change. In 1991, trans-
portation accounted for 70 percent of car-
bon monoxide (CO) emissions, 39 percent
of nitrogen oxides (NOy), 30 percent of
nonmethane volatile organic compounds
(VOCQC), 21 percent of particulate matter
and 22 percent of carbon dioxide (CO2).
(See table 7-10.) The U.S. Environmental
Protection Agency (EPA) has put specific
emission standards in place to control
these emissions, including standards for

85

*Qther includes LPG and electric vehicles



light-duty trucks and automobiles, and
gasoline- and diesel-powered heavy trucks.
(See table 7-11.) The 1994 and 1995 stan-
dards are based on CAAA, which requires
a 39 percent reduction in automobiles’
nonmethane VOC emission, and 60 per-
cent reduction in both NOyx and particu-
late matter.

Carbon Monoxide (CO). Transporta-
tion continues to be the major contributor
of CO emissions. (Figure 7-12.) Highway
vehicles are the largest single source of CO
emissions. However, national CO emis-
sions have declined 50 percent over the
past 20 years, with the greatest decrease of
55 percent being achieved by the trans-
portation sector, from 106.76 million short
tons in 1970 to 47.94 million short tons in

1 1drnsporauort, eriergy, ara uie envirorirerit

1991. Forest fires, the second largest con-
tributor of CO emissions, emitted 10 per-
cent of the total CO emissions in 1991.
Three transportation modes emitted
less CO in 1991 than in 1970—highway
vehicles, railroads, and off-highway vehi-
cles and machinery. Despite a 96 percent
increase in vehicle travel, highway vehicles
reduced their CO emissions by 59 percent
during the 1970-1991 period. Significant
improvements in motor-vehicle emission
control systems have contributed to this
substantial reduction. Based on EPA’s
analysis, CO emissions from highway vehi-
cles would have increased more than
threefold from 1970 to 1991 if it had not
been for the implementation of vehicle
emission controls.’® EPA also projects that

TA B L E Y

Total National Emissions by Sector: 1991 (Millions of Short Tons)

Sector (6{0) NOXx TP SOx VOC Lead*
Highway Vehicles 39.81 5.93 1.45 0.67 421 1.58
58.2% 28.7% 17.8% 2.9% 22.6% 28.8%
Aircraft 1.16 0.14 0.08 0.02 0.20 n/a
1.7% 0.7% 1.0% 0.1% 1.1% n/a
Railroads 0.18 0.51 0.03 0.08 0.12 n/a
0.3% 2.5% 0.4% 0.3% 0.6% n/a
Vessels 1.89 0.26 0.04 0.22 0.56 n/a
2.8% 1.3% 0.5% 1.0% 3.0% n/a
Other Off-Highway 4.90 1.17 0.12 0.09 0.51 0.21*
7.2% 5.7% 1.5% 0.4% 2.7% 3.8%**
Transportation Total 47.94 8.00 1.73 1.09 5.60 1.79
70.0% 38.7% 21.2% 4.8% 30.1% 32.7%
Stationary Source Fuel Combustion 5.16 11.67 2.14 18.24 0.74 0.50
7.5% 56.4% 26.2% 79.8% 0.4% 9.1%
Industrial Processes 5.17 0.66 281 3.49 2.28 243
7.6% 3.2% 34.4% 15.3% 12.3% 44.3%
Solid Waste Disposal 2.27 0.11 0.37 0.03 8.66 0.76
3.3% 0.5% 4.5% 0.1% 46.5% 13.9%
Miscellaneous 7.91 0.24 1.12 0.01 0.76 0.00
11.6% 1.2% 13.7% 0.0% 4.1% 0.0%
TOTAL OF ALL SOURCES 68.45 20.68 8.16 22.86 18.61 5.48
100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

* Thousands of short tons.
** Includes all off-highway and nonhighway vehicles.
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advances in emission control technology
and continued elimination of older vehi-
cles from the vehicle fleet will allow the
CO emission rate to decrease to 10 grams
per mile by the year 2000, down from 25
grams per mile in 1988.

The reduction in CO emissions from
highway vehicles was primarily attribut-
able to the reduction by gasoline-pow-
ered passenger cars. During this period,
CO emissions from diesel-powered
heavy-duty trucks increased more than
one and one-half times. Aircraft and
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water vessels also emitted more CO in
1991 than in 1970.%4

Stationary sources of transporta-
tion-related air pollutants include
petroleum refining and storage, petrole-
um transfer, and refueling.’® An 80 per-
cent reduction in CO emissions from
petroleum refining was achieved from
1970 to 1991 by inst